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Lecture  I — Delivered  Monday,  May  8th ,  1939 

'I'lie  object  of  this  course  of  lectures  is  to  indicate  the  close  interrelation  between 
medicine  and  chemistry  and  between  chemistry  and  food,  and  the  very  important 
bearing  on  modern  health  which  is  the  product  of  these  three  factors. 

In  the  early  days  chemistry  was  almost  exclusively  in  the  hands  of  medical  men, 
and  the  early  history  of  chemistry  is  in  effect  the  history  of  medicine.  In  ancient 
Egypt,  however,  whose  chemistry  and  medicine  has  been  the  subject  of  much 
speculation,  the  chemists  were  mainly  concerned  with  metallurgy  and  ceramics, 
and  their  work  had  little  or  no  bearing  on  medical  practice,  which  was  almost 
completely  a  priestly  act  with  no  relationship  to  science. 

The  first  outstanding  name  in  the  history  of  medicine  is  undoubtedly  that  of 
the  Roman  physician,  Galen  (131-201  a.d.).  Galen  has  been  called  the  founder 
of  experimental  therapeutics.  lie  was  a  man  of  many  talents,  and  must  have  been 
a  skilled  physician,  though  the  accounts  he  left  of  his  cases  tell  only  of  miraculous 
cures.  He  believed  he  had  discovered  a  system  of  physiology  which  accounted 
for  every  problem  and  gave  the  answer  ;  the  system  combined  Hippocrates’  ideas 
ot  the  humours  with  the  Pythagorean  theory  of  the  elements,  and  Galen  added 
the  idea  of  an  all-pervading  spirit.  The  followers  of  this  system  believed  it  to  be 
infallible,  and  abandoned  the  use  of  observation  and  experiment.  Since  he  came 
to  be  recognised  all  over  the  civilised  world  as  the  final  and  infallible  authority 
progress  in  medicine  ceased  almost  completely  until  his  influence  was  finally 
overthrown,  some  fourteen  centuries  after  his  death.  His  true  claim  to  fame  lies 
in  his  use  of  drugs  from  plants,  and  in  the  enormous  pharmacopoeia  for  the 
treatment  ot  every  imaginable  ailment  based  on  pure  empiricism.  The  name 
still  survives  to-day  through  the  term  galenicals,  which  appears  in  pharmacopoeias 
o-day  as  applied  to  drugs  ot  plant  origin.  As  we  shall  see  in  the  course  of  these 
ectures  such  drugs  have  steadily  decreased  in  number,  to  be  replaced  in  modern 
times  by  drugs  of  known  chemical  constitution. 

Galen’s  teachings  were  unchallenged  until  the  advent  of  Avicenna  (080-0,7) 
who  was  brought  up  tn  the  principles  of  Galen.  He  attempted  to  codify  the  whole 
o  medtcal  knowledge  ,n  his  Canon,  which  became  the  standard  authority  for  the 
1  Ages ,  ,t  was  a  cont.nuat.on  of  Galen’s  work,  and  further  strengthened 
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the  idea  that  relerence  to  an  infallible  system  was  better  than  first-hand 
observation  and  experiment.  He  is  said  to  have  been  the  first  to  describe  the 
preparation  and  properties  of  sulphuric  acid  and  alcohol.  Ilis  importance, 
however,  lies  chiefly  in  the  fact  that  he  was  the  first  to  practise  alchemy  as  a 
serious  science. 

'1  he  objects  of  the  alchemist  were  threefold  ;  to  discover  a  method  of  changing 
the  baser  metals  to  gold  ;  to  discover  the  elixir  of  life  ;  and  to  discover  the  universal 
solvent. 

It  is  quite  obvious  that  the  third  of  these  can  be  put  out  of  court  at  once,  since 
no  vessel  would  be  able  to  hold  such  a  substance.  The  transmutation  of  metals 
had  little  bearing  on  medicine,  though  all  the  early  physicians  and  alchemists 
were  particularly  interested  in  this  subject.  The  search  for  the  uurum  potabile, 
the  elixir  ot  life  which  would  confer  immediate  and  lasting  youth  on  the  recipient, 
had  plainly  a  very  close  connection  with  medicine,  and  a  large  number  of  physicians 
and  alchemists  lived  by  preying  on  the  credulity  of  kings  and  rulers.  Avicenna, 
while  believing  in  the  importance  of  applying  alchemic  methods  to  drugs,  did  not 
believe  in  the  transmutation  of  metals.  His  critical  faculty  can  well  be  seen  from 
the  following  quotation  from  his  works,  on  the  subject  of  transmutation  : — 

“  I  do  not  deny  that  such  a  degree  of  accuracy  in  imitation  may  be  reached  as 
to  deceive  even  the  shrewdest,  but  the  possibility  of  transmutation  has  never  been 
clear  to  me.  On  the  contrary,  I  regard  it  as  impossible,  since  there  is  no  way  of 
splitting  up  one  metallic  combination  into  another.  Those  properties  that  are 
perceived  bv  the  senses  are  probably  not  the  differences  that  distinguish  one 
metallic  species  from  another,  but  rather  accidents  or  consequences,  the  essential 
specific  differences  being  unknown.  And  if  a  thing  is  unknown,  how  is  it  possible 
for  any  one  to  endeavour  to  produce  or  to  destroy  it  ?  ” 

At  this  particular  time  the  Near  East  was  the  centre  of  alchemical  research,  and 
the  literature  is  full  of  the  most  ingenious  methods  of  transmuting  metals.  I  he 
following  is  a  very  typical  story  : — 

A  Persian  charlatan,  having  arrived  at  Damascus,  took  1,000  dinars  of 
good  Egyptian  gold,  filed  them  up  and  mixed  the  filings  with  charcoal, 
various  drugs  and  ordinary  flour.  To  this  mixture  he  added  fish-glue, 
made  the  whole  into  a  paste,  and  moulded  the  latter  into  small  pellets 
which  he  allowed  to  dry.  He  then  clothed  himself  in  the  habit  of  a  dervish, 
and  taking  the  pellets  to  a  druggist  sold  them  for  a  few  dirhams  under 
the  name  of  Tabarmaq  of  Khurasan.  After  which,  having  assumed  a  rich 
cloak,  he  engaged  a  slave  and  went  to  the  mosque,  where  he  scraped 
acquaintance  with  several  notable  persons.  He  told  them  that  he  was  an 
expert  in  alchemical  science,  able  to  make  untold  wealth  in  a  single  day . 
The  vizier,  hearing  of  this  alchemist,  ordered  him  to  attend  and  presented 
him  to  the  Sultan,  who  expressed  his  desire  to  witness  a  transmutation. 
The  charlatan  produced  a  recipe  in  which,  among  a  large  variety  of  drugs, 
Tabarmaq  of  Khurasan  was  indicated,  to  the  extent  of  ioo  mithqals.  All 
the  rest  of  the  drugs  were  easily  obtained,  but  at  first  no  trace  of  Tabarmaq 
could  be  discovered.  The  man  insisted  upon  its  necessity,  however,  and 
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when  the  druggists’  shops  had  been  well  searched  the  discovery  was  at 
length  made— of  course  in  the  shop  of  the  druggist  to  whom  the  ^barmaq 
had  been  sold  a  few  days  previously,  and  who  stated  that  he  had  obtained 
it  from  a  dervish.  The  pellets  were  bought,  and  the  I  ersian  ordered  the 
ingredients  to  be  placed  in  a  crucible  and  strongly  heated.  When  all  was 

sufficiently  hot  :  “  Take  out  the  crucible,”  he  said.  It  was  taken  out  and 

turned  upside  down,  when  a  fine  ingot  of  gold  rolled  out. 

The  Sultan  struck  with  amazement,  ordered  the  Persian  to  be  rewarded. 
It  was  now  merely  a  question  of  finding  more  T  abarmaq.  Search  failed 
to  reveal  any  more  in  Damascus.  “  I  know  a  cavern,”  said  the  charlatan, 
“  in  a  certain  mountain  in  Khurasan,  where  a  large  quantity  is  to  be  found. 
Send  someone  to  dig  it  out  and  bring  back  a  thousand  camel-loads.” 
“  Go  thyself,”  said  the  Sultan.  The  man,  after  judicious  reluctance, 
allowed  himself  to  be  persuaded,  and  accepted  the  mission.  He  was 
furnished  with  everything  needful  for  the  journey  :  a  tent,  a  travelling 
kitchen,  sugar,  carpets,  stuffs  and  silks,  manufactured  objects  from 
Alexandria,  and,  in  addition,  a  large  sum  of  money.  Thus  equipped,  he 

set  out  and — as  might  have  been  expected — that  was  the  last  that  was 

seen  of  him. 


Avicenna  died  at  a  relatively  early  age,  having  made  an  impression  on  the  minds 
of  physicians  which  was  to  last  until  the  time  of  Paracelsus  (1493-1541).  There 
has  been  much  written  about  Paracelsus,  and  acute  controversies  have  taken  place 
on  the  amazing  character  of  this  man.  Some  maintain  that  he  was  a  misunderstood 
genius  driven  to  excess  because  of  lack  of  appreciation.  Others  think  that  he  was 
fundamentally  a  rogue,  with  a  few  sound  ideas.  He  was  the  most  original  thinker 
of  his  age,  and  undoubtedly  advanced  the  cause  of  medicine,  chiefly  by  quarrelling 
about  it.  He  made  his  ideas  comprehensible  to  the  common  people,  which  no 
great  teacher  had  done  before.  He  started  his  career  in  Basle  by  publicly  burning 
the  works  of  Galen  and  Avicenna,  indicating  that  in  his  opinion  they  were 
useless,  and  that  it  was  necessary  to  employ  chemistry  to  replace  the  so-called 
galenicals  and  the  remedies  of  Avicenna.  He  drove  home  the  lesson  by  these 
words : — 


If  your  physicians  only  knew  that  their  prince  Galen — they  call  none  like  him 
—was  sticking  in  hell,  from  whence  he  has  sent  letters  to  me,  they  would  make  the 
sign  of  the  cross  upon  themselves  with  a  fox’s  tail.  In  the  same  way  vour 
Avicenna  sits  in  the  vestibule  of  the  infernal  portal  ;  and  I  have  disputed  with  him 
about  his  aurum  polabile,  his  Tincture  of  the  Philosophers,  his  Quintessence,  and 
Philosopher  s  stone,  his  Methridatic,  his  Theriac,  and  all  the  rest.  O,  you 
hypocrites,  who  despise  the  truths  taught  to  you  by  a  great  physician,  who  is 
himself  instructed  by  Nature,  and  is  a  son  of  God  himself !  Come,  then,  and 
listen,  impostors  who  prevail  only  by  the  authority  of  your  high  positions  !  After 
my  death,  my  disciples  will  burst  forth  and  drag  you  to  the  light,  and  shall  expose 
'°ur  irt^  ru8s>  wherewith  up  to  this  time  you  have  compassed  the  death  of 
princes  and  the  most  invincible  magnates  of  the  Christian  world.  Woe  for  vour 
necks  m  the  day  of  judgment  !  I  know  that  the  monarchy  will  be  mine.  Mine 
too,  will  be  the  honour  and  glory.  Not  that  I  praise  myself:  Nature  praises  me.’ 
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Of  her  I  am  born  ;  her  I  follow.  She  knows  me,  and  I  know  her.  The  light 
which  is  in  hei  I  have  beheld  in  her  ;  outside,  too,  I  have  proved  the  same  in  the 
figure  of  the  microcosm,  and  found  it  in  that  universe.” 

He  discarded  completely  Galenism  and  the  theory  of  the  humours,  and 
substituted  chemistry,  as  far  as  it  was  then  known,  for  alchemy.  He  attacked 
very  vigorously  the  jumbled  up  vegetable  remedies,  with  comments  that  sound 
modern  even  to-day.  “  They  think  it  suffices,”  he  said  of  physicians,  “  if,  like 
apothecaries,  they  jumble  a  lot  of  things  together  and  say  ‘  Fiat  unguentum .’  Yet 
if  medicine  were  handled  by  artists  (chemists)  a  far  more  healthy  system  would  he 
set  on  foot.” 

He  made  chemistry  an  indispensable  part  of  medical  training,  and  freed  it  from 
the  bonds  of  alchemy.  Perhaps  his  greatest  contribution  was  his  insistence  on  the 
importance  of  investigatory  work  and  direct  observation.  He  was  the  first  to 
write  on  occupational  and  geographical  diseases,  and  established  a  relationship 
between  cretinism  and  endemic  goitre  by  his  observation  of  the  inhabitants  of 
the  Salzburg  district.  He  puts  his  views  on  the  life  of  the  physician  very 
clearly  : — 

“  1  praise  the  spagyric  chemical  physicians,  for  they  do  not  consort  with  loafers 
or  go  about  gorgeous  in  satins,  silks  and  velvets,  gold  rings  on  their  fingers,  silver 
daggers  hanging  at  their  sides,  and  white  gloves  on  their  hands,  but  they  tend 
their  work  at  the  fire  patiently  day  and  night.  They  do  not  go  promenading,  but 
seek  their  recreation  in  the  laboratory,  wear  plain  leathern  dress  and  aprons  of 
hide  upon  which  to  wipe  their  hands,  thrust  their  fingers  amongst  the  coals,  into 
dirt  and  rubbish  and  not  into  golden  rings.  They  are  sooty  and  dirty  like  the 
smiths  and  charcoal-burners,  and  hence  make  little  show,  make  not  many  words 
and  gossip  with  their  patients,  do  not  highly  praise  their  own  remedies,  for  they 
well  know  that  the  work  must  praise  the  master,  not  the  master  his  work.  They 
well  know  that  words  and  chatter  do  not  help  the  sick  nor  cure  them  .  .  . 

therefore  they  let  such  things  alone  and  busy  themselves  with  working  with  their 
fires  and  learning  the  steps  of  alchemy.  These  are  distillation,  solution, 
putrefaction,  extraction,  calcination,  reverberation,  sublimation,  fixation,  separation, 
reduction,  coagulation,  tinction,  etc.” 

On  the  death  of  Paracelsus  bitter  controversies  raged  in  the  world  of  medicine, 
and  prolonged  battles  took  place  between  his  supporters  and  those  of  Galen  and 
Avicenna.  Unfortunately  for  the  new  chemical  methods,  many  of  the  pupils  of 
Paracelsus  were  even  more  unconventional  than  the  master,  and  indulged  in  an 
orgy  of  administering  highly  poisonous  inorganic  salts  which,  though  of  known 
constitution,  undoubtedly  did  much  more  harm  than  the  innocent,  it  ineffective, 
galenicals.  The  exception  is  found  in  Van  Helmont  (1577-1644),  a  follower  of 
Paracelsus,  who  devoted  the  greater  part  of  his  life  to  a  study  of  gases.  Van 
Helmont  was  a  Belgian,  a  mystic,  and  the  greatest  of  the  iatrochemical  school. 
After  being  unsuccessfully  treated  for  an  illness  by  one  of  the  Galenist  school,  he 
determined  to  devote  his  life  to  overthrowing  the  orthodox  system  of  medicine. 
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He  resembled  Paracelsus  in  his  hatred  for  the  Galenists  and  his  interest  in  the 
supernatural,  and  though  his  chemical  theories  were  reactionary,  as  he  founded 
his  system  of  gases  on  the  belief  that  water  was  the  true  principle  of  everything, 
he  based  his  beliefs  on  observation  and  experiment.  It  was  he  who  invented 
the  word  “  gas  ”  from  chaos,  and  first  established  the  importance  of  gases,  showing 
that  they  were  distinct  substances  with  definite  properties,  although  he 
himself  was  only  able  to  distinguish  two  kinds,  the  inflammable  and  the  non- 
inflammable. 

From  the  sixteenth  century  onwards  the  growth  of  chemistry  was  practically 
entirely  in  the  hands  of  the  physician,  and,  whilst  a  number  of  interesting 
observations  were  made,  there  was  little  progress  in  the  really  fundamental 
understanding  of  the  science  of  chemistry  until  the  work  of  the  seventeenth 
century  group  of  experimentalists  headed  by  the  Hon.  Robert  Boyle  (1627-1691). 
Boyle  and  his  followers  finally  overthrew  the  Aristotelian  theory  of  the  four 
elements,  and  demolished  the  principles  of  Paracelsus.  They  insisted  on  the 
absolute  necessity  for  direct  experimental  observation,  and  urged  that  chemistry 
should  be  studied  as  a  science  in  itself. 


From  the  time  of  Boyle  onwards  progress  was  extremely  rapid.  The  Swedish 
chemist,  Scheele  (1742-1786),  who  spent  his  life  in  obscurity,  working  for  most  of 
it  as  an  apothecary’s  assistant,  made  in  his  spare  time  a  series  of  discoveries  of 
outstanding  importance,  which  have  been  summarised  by  Sir  Edward  Thorpe 
in  his  History  of  Chemistry  as  follows  “  He  first  isolated  chlorine,  and  determined 
the  individuality  of  manganese  and  baryta.  He  was  an  independent  discoverer 
of  oxygen,  ammonia  and  hydrogen  chloride.  He  discovered  also  hydrofluoric 
nitro-sulphonic,  molybdic,  tungstic  and  arsenic,  among  the  inorganic  acids  ;  and 
actic,  gallic,  pyrogalhc,  oxalic,  citric,  tartaric,  malic,  mucic  and  uric  acids  among 
ie  organic  acids.  He  isolated  glycerine  and  milk-sugar  ;  determined  the  nature 
Of  microcosm, c  salt,  borax  and  Prussian  blue,  and  prepared  hydrocyanic  acid 
He  demonstrated  that  graphite  is  a  form  of  carbon.  He  d.scovered  the  chemical 
ature  of  sulphuretted  hydrogen,  arseniuretted  hydrogen,  and  the  green  arsenical 
pigment  known  by  his  name.  He  invented  new  processes  for  preparing  eth 
powder  of  algaroth,  phosphorus,  calomel  and  magnesia  laba.  He  firs,  prepared 
ferrous  ammonium  sulphate  ;  showed  how  iron  nrav  be  analytically  sepTrated  from 

3ESS od  -  —  -  breaking  up  minL,  siLT/ly  fus” 

noXTuiifb;  z  l:r,Ls  ~  °brathn ■ and  had  £ 

arrived  at  the  true  solution  of  the  problem.  InslefHhis  bd^f  'he>  m'gh'.W 
gas  of  negative  weight  clouded  rhP  I,  ■  c  '  "ls  ^  Ie^  111  a  non-existent 

Hy  uvofsier  0 diapeM<?a 

Lavoisier,  single-handed,  attacked  the  phlogiston^  aTp^ed  beyond 
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any  doubt  that  combustion  consisted  of  a  combination  of  oxygen  and  an  evolution 
of  carbon  dioxide,  and  that  the  essential  parts  of  animal  metabolism  consisted  in 
this  absorption  of  oxygen  and  evolution  of  carbon  dioxide.  At  first  the  phlogistians 
laughed  at  his  theories,  and  only  gradually  realised  that  they  were  being  driven 
back.  Lavoisier,  however,  did  not  long  enjoy  his  triumph,  for  the  French 
Revolution  cared  more  lor  punishing  technical  offences  against  the  people  than  for 
the  services  that  one  of  the  greatest  of  all  chemists  could  give  to  the  world,  and  he 
was  guillotined  by  order  of  a  revolutionary  tribunal  in  1794. 

\\  ith  the  theory  of  combustion  on  a  sound  footing,  a  new  era  dawned,  and  it  may 
be  said  that  within  the  next  thirty  years  modern  organic  chemistry  was  formed. 
The  atomic  theory  associated  with  the  name  of  Dalton  (1766-1844)  was  definitely 
established  in  the  early  nineteenth  century,  and  was  extended  and  confirmed  by 
the  work  of  Sir  Humphrey  Davy,  Liebig  and  others. 

Liebig  (1803-1873)  stands  out  as  a  figure  of  great  importance  in  the  history  of 
medicine.  He  was  largely  responsible  for  pointing  out  that  molecules  must  have 
a  definite  structure  or  architecture  of  their  own.  Thus  he  showed  that  molecules 
containing  carbon,  hydrogen,  nitrogen  and  oxygen  could  exist  either  in  the  form 
ol  cyanic  acid  or  fulminuric  acid,  two  entirely  different  substances.  Again,  methyl 
ether  and  ethyl  alcohol  have  the  same  elementary  composition,  yet  are  separate 
substances.  He  therefore  concluded  that  the  atoms  must  be  arranged  differently 
for  each  different  molecule.  The  understanding  of  this  problem  was  associated 
with  the  conception  of  valency  of  the  atoms,  and  was  evolved  mainly  through  the 
work  of  Sir  Edward  Frankland  (1825-1899).  Frankland  postulated  that  elements 
possessed  powers  of  combining  with  each  other,  and  these  he  termed  “  valencies.” 
Some  atoms  were  monovalent,  i.e.,  having  only  one  affinity  for  combination, 
whilst  others  might  be  di-  or  tri-valent,  or  higher. 

The  idea  of  structural  formulas  as  written  to-day  was  not  evolved  until  the 
work  of  Kekule  (1829-96),  who,  it  will  be  remembered,  suggested  the  hexagonal 
form  for  benzene.  He  is  stated  to  have  had  this  inspiration  while  riding  on  the 
top  of  a  ’bus  in  London,  wrhen  he  was  an  assistant  in  the  department  of  medical 
chemistry  at  St.  Bartholomew’s  Hospital. 

By  1870  formulae  were  written  as  they  are  to-day,  and  it  would  appear  at  first 
sight  that  all  the  basic  principles  of  modern  chemistry  had  been  established.  This, 
however,  was  not  so,  since  difficulties  arose  when  it  was  found  that  substances  of 
identical  percentage  composition  could  exist  in  which  the  physiological  properties 
differed.  The  first  example  of  this  phenomenon  was  reported  by  Pasteur 
(1822-1895)  in  the  case  of  the  tartaric  acids.  He  showed  that  the  crystals  in  this 
acid  differed  in  that  it  was  possible  to  separate  them  into  two  groups  which  were 
mirror  images  of  each  other.  He  found  that  one  group  rotated  the  plane  of 
polarised  light  to  the  left  and  the  other  to  the  right.  These  enantiomorphs,  or 
mirror  images,  combined  in  their  true  character  in  equal  quantities  in  the 
substance  chemically  produced.  The  resulting  product  is  inactive  optically,  and 
is  known  as  a  racemic  product. 
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A  second  most  important  observation  on  this  point  was  made  by  YVislicenus, 
who  isolated  two  varieties  of  lactic  acid.  Again  each  rotated  the  plane  of  polarised 
light  in  opposite  directions.  The  explanation  of  this  phenomenon  was  not  forth¬ 
coming  until  the  hypothesis  of  Van’t  Hoff  and  LeBel  put  forward  in  1874.  They 
postulated  that  the  valencies  of  the  carbon  atom  were  not  distributed  on  one  plane 
as  the  ordinary  method  of  writing  chemical  formula;  would  suggest,  but  were 
actually  distributed  in  space  in  a  regular  manner,  the  valencies  being  on  the  points 
of  a  regular  tetrahedron.  This  assumption  makes  it  possible  to  explain  the 
existence  of  enantiomorphs,  since  if  each  of  the  four  valencies  is  connected  to  a 
different  group  then  it  will  not  be  possible  to  have  a  plane  of  symmetry  through 
the  tetrahedron  ;  in  other  words,  the  carbon  atom  will  become  asymmetric.  It  will, 
however,  be  possible  to  have  two  isomers  which  are  mirror  images  or  enantiomorphs, 
and  this  we  know  to  occur  in  the  case  of  lactic  acid.  The  existence  of  more  than 
one  asymmetric  carbon  atom  will  complicate  the  issue  and  give  rise  to  more 
possibilities.  Thus,  with  two  asymmetric  carbon  atoms  in  addition  to  the  dextro 
and  laevo  forms  and  racemic  forms,  an  internally  compensating  or  meso  form  can 
exist.  The  whole  subject  of  stereochemistry  has  been  reviewed  by  Sir  William 
Pope  in  his  Cantor  Lectures  for  1901  entitled  The  Bearings  of  Geometry  on  the 
Chemistry  of  Fermentation.  Sir  William,  himself  a  distinguished  contributor  to 
this  field,  made  the  very  important  observation  that  other  asymmetric  atoms,  apart 
from  the  carbon  atoms,  were  capable  of  giving  rise  to  optical  activity.  As  we  shall 
see,  when  dealing  later  with  the  question  of  the  sex  hormones  and  the  sterols,  the 
whole  subject  of  stereochemistry  is  one  of  the  greatest  importance.  An  entirely 
new  and  hitherto  unsuspected  stereochemical  alteration  in  malignant  tissue  has 
been  reported  by  Professor  Kogl,  of  Utrecht  University.  He  found  on  examining 
t  e  mixture  of  amino  acids  obtained  by  hydrolysing  the  proteins  of  malignant 
growths  that  some  of  the  amino  acids  were  present  in  the  normal  stereo  isomeric 
form  and  some  were  present  in  the  optically  antagonistic  form,  whereas  in  the 
normal  cell  only  one  of  the  two  forms  would  be  found. 

It  might  appear  that  we  are  now  ready  to  commence  the  studv  of  the  application 
o  chemistry  to  medicine,  but  there  is  still  one  other  aspect  which  is  beginning  to 
prove  important,  namely,  the  entry  of  the  atomic  physicist  into  the  field  The 
recognition  of  isotopes  has  introduced  an  entirely  new  method  into  the  study  of 
biochemical  changes  since  the  administration  of  the  isotope  of  a  naturally  occurring 

whi^h  7  ^  am  makCS  U  P0SSiblC  t0  f°ll0W  this  dement  throughout  the  body 
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by  this  technique.  It  is  possible  to  pick  out  sites  such  as  the  bones  where 
phosphorus  is  deposited,  and  at  the  same  time  to  study  how  long  it  stays  in  various 
positions  and  its  rate  of  excretion. 

Having  reviewed  very  briefly  the  development  of  chemistry  up  to  its  present 
position,  we  are  now  able  to  go  back  to  the  study  of  medicine  in  relation  to 
chemistry.  It  will  be  remembered  that  we  have  already  made  reference  to  the 
complex  pharmacopoeia  of  Galen  and  Avicenna,  the  attempted  destruction  of  these 
by  Paracelsus,  and  the  substitution  by  the  pupils  of  Paracelsus  of  inorganic  and 
metallic  preparations  in  place  of  the  galenicals.  By  the  seventeenth  century  the 
pharmacopoeias  consisted  of  a  kind  of  compromise  between  Paracelsus  on  the  one 
hand  and  Galen  and  Avicenna  on  the  other,  to  which  was  added  a  large  amount  of 
pure  superstition  and  folk  lore  remedies.  The  seventeenth  century  saw  a  gradual 
sorting  out  of  these  various  drugs.  It  is  interesting  to  note  that  as  late  as  1665  the 
Royal  College  of  Physicians  recommended  a  salted  and  roasted  walnut  as  a 
prophylactic  against  the  Great  Plague  of  London.  Samuel  Pepys  describes  the 
acquisition  of  one  of  these,  though  he  expresses  very  definite  doubts  as  to  its  efficacy. 

A  number  of  potent  products  of  plant  origin  were  known,  for  example  opium, 
introduced  from  the  East,  and  cinchona  bark  from  the  West.  A  very  typical  story 
of  the  sorting  out  of  remedies  is  that  of  the  discovery  of  digitalis,  by  William 


Withering  (1741-1799),  a  distinguished  Birmingham  physician. 

“In  the  year  177^,  my  opinion  was  asked  concerning  a  family  receipt  for  the 
cure  of  the  dropsy.  I  was  told  that  it  had  long  been  kept  a  secret  by  an  old  woman 
in  Shropshire,  who  had  sometimes  made  cures  after  the  more  regular  practitioners 
had  failed.  I  was  informed  also,  that  the  effects  produced  were  violent  vomiting 
and  purging  ;  for  the  diuretic  effects  seemed  to  have  been  overlooked.  This 
medicine  was  composed  of  twenty  or  more  different  herbs  ,  but  it  was  not  \erv 
difficult  for  one  conversant  in  these  subjects,  to  perceive,  that  the  acti\e  herb  could 
be  no  other  than  the  Foxglove. 

“  My  worthy  predecessor  in  this  place,  the  very  humane  and  ingenious 
Dr.  Small,  had  made  it  a  practice  to  give  his  advice  to  the  poor  during  one  hour 
in  a  day.  This  practice,  which  I  continued  until  we  had  an  Hospital  opened  for 
the  reception  of  the  sick  poor,  gave  me  an  opportunity  of  putting  my  ideas  into 
execution  in  a  variety  of  cases  ;  for  the  number  of  poor  who  thus  applied  for 
advice,  amounted  to  between  two  and  three  thousand  annually.  I  soon  found  the 
Foxglove  to  be  a  very  powerful  diuretic  ;  but  then,  and  for  a  considerable  time 
afterwards,  I  gave  it  in  doses  very  much  too  large,  and  urged  its  continuance  too 
long  ;  for  misled  by  reasoning  from  the  effects  of  the  squill,  which  generally  acts 
best  upon  the  kidneys  when  it  excites  nausea,  I  wished  to  produce  the  same  effect 
bv  the  Foxglove.  In  this  mode  of  prescribing,  when  I  had  so  many  patients  to 
attend  to  in  the  space  of  one,  or  at  most  of  two  hours,  it  will  not  be  expected  that 
I  could  be  very  particular,  much  less  could  I  take  notes  of  all  the  cases  which 
occurred.  Ttvo  or  three  of  them  only,  in  which  the  medicme  succeeded,  I  find 
mentioned  amongst  my  papers.  It  was  from  this  kind  of  experience  that  I  ventured 
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to  assert,  in  the  Botanical  Arrangement  published  in  the  course  of  the  following 
spring,  that  the  digitalis  purpurea  1  merited  more  attention  than  modern  practice 
bestowed  upon  it.’  ” 

Withering  was  a  distinguished  botanist  as  well  as  an  able  man  of  science,  and  was 
therefore  able  to  eliminate  the  useless  trimmings  of  the  old  woman’s  prescription, 
and  to  pick  out  and  prove  the  active  principle.  To-day  the  labours  of  the  organic 
chemist  have  succeeded  in  proving  the  constitution  of  the  substance  responsible 
for  the  action  of  the  Foxglove,  and  the  digitalis  group  of  glucosides  is  now  well  known. 

One  could  continue  to  give  large  numbers  of  examples  of  this  type,  but  it  must 
be  remembered  that  the  physician  up  to  the  nineteenth  century  believed  that  the 
number  of  therapeutic  substances  was  limited  to  those  that  could  be  extracted  from 
plants  and  animals,  and  from  the  earth  in  the  form  of  minerals.  The  idea  of 
creating  entirely  new  remedies  was  not  possible  until  the  synthetic  organic  chemist 
had  gained  a  sure  footing.  The  synthesis  by  Wohler  in  1828  of  urea  indicated  the 
great  possibilities  in  this  field,  and  from  then  onwards  it  was  steadily  developed. 
By  the  year  i860  a  very  large  number  of  substances  had  been  produced  synthetically, 
but  it  was  not  until  the  year  1 874  that  synthetic  salicylic  acid  was  introduced  by  Kolbe. 

Prior  to  this  time  the  important  therapeutic  agents,  salicylic  acid  and  sodium 
salicylate,  could  only  be  obtained  from  natural  sources  such  as  the  oil  of  winter- 
green  or  methyl  salicylate.  This  was  very  expensive,  and  the  drugs  prepared  from 
it  could  only  be  used  by  the  wealthier  classes.  In  the  course  of  a  very  few  years 
synthetic  salicylic  acid  was  produced  at  a  fraction  of  the  cost  of  the  natural 
substance,  and  the  drug  became  widely  used  in  all  groups  of  society.  In  1886 
Ladenburg  succeeded  in  making  the  first  synthesis  in  the  alkaloid  series  when  he 
produced  synthetic  coniine,  the  alkaloid  of  hemlock,  and  this  was  rapidly  followed 
by  the  synthesis  of  other  alkaloids. 


Up  to  the  present  we  have  considered  only  the  extracts  of  pure  chemical 
substances  from  plants  or  the  synthesis  of  these  substances.  It  was  not  until 
the  close  of  the  last  century  that  the  idea  of  the  creation  of  entirely  new  remedies 
arose.  Undoubtedly  aspirin  is  the  historic  landmark  for  this  group.  Originally 
piepared  in  1853  by  Gerhard,  acetyl  salicylic  acid  was  impure  and  unstable,  and 
unsuitable  for  clinical  use.  A  new  completely  pure  preparation  was  made  towards 
t  e  end  of  the  last  century  by  von  Baeyer,  and  was  introduced  to  the  world,  in  the 
name  of  aspirin,  by  Dreser  in  1899.  From  the  moment  of  its  introduction  it  has 
een  a  success,  and  is  still  one  of  the  most  widely  prescribed  and  widely  taken  dru<>s 
known.  It  does  not  possess  the  irritability  and  toxic  qualities  of  salicylic  acid 
nor  the  depressing  effect  of  sodium  salicylate,  and  it  is  much  surer  and  swifter  in 
ns  properties  of  relieving  pain.  That  an  entirely  artificial  substance  such  as 

bratchtf^ pharmacology.  "  *'  ChemiCa'  ^  “  «**  «w 

I9°°  onvvards  sa™  a  rapid  growth  in  the  production  of  synthetic 
emedies.  This  activity  was  confined  almost  entirely  to  the  big  German  chemical 
firms,  and  the  mos,  important  progress  was  made  in  their  wet  on  dye  stuffed 
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heavy  chemicals.  It  would  he  impossible  to  attempt  to  review  in  a  limited  space 
the  astonishing  number  of  substances  now  produced,  extending  as  they  do  from 
synthetic  alkaloids  such  as  novacain  to  sedatives  of  the  barbituric  acid  series  and 
anaesthetics  such  as  cyclopropane. 


Chemo-Thf.rapy 

An  entirely  different  branch  of  therapeutics  was  initiated  by  the  German 
pathologist  Paul  Ehrlich  (1854-1915).  Through  his  work  on  stain  reactions  he 
was  able  to  show  that  certain  stains  dyed  certain  tissues  and  bacteria,  and  did  not 
touch  others,  and  he  decided  that  there  must  be  agents  which  would  kill  micro¬ 
organisms  in  the  body  without  killing  its  host  tissues.  He  determined  to  find  a 
remedy  for  syphilis,  and  with  the  knowledge  that  certain  arsenical  compounds  such 
as  atoxyl  were  poisonous  to  the  trypanosomes  and  spirochaetes,  he  set  to  work  by 
an  elaborate  method  of  trial  and  error.  At  the  606th  time  he  obtained  salvarsan, 
with  the  following  formula  : — 


NH2  nh2 


which  was  first  introduced  to  the  world  in  1910.  Prior  to  this  syphilis  was  virtually 
an  incurable  disease,  causing  a  great  deal  of  suffering  in  the  form  of  chronic  illness, 
and  always  with  the  potentiality  of  striking  the  victim  with  madness  in  the  form  of 
General  Paralysis  of  the  Insane  some  twenty  or  thirty  years  after  he  contracted  the 
disease.  Another  most  serious  aspect  of  syphilis  is  that  it  is  possible  for  it  to  be 
passed  on  to  the  offspring,  and  the  terrible  condition  of  congenital  syphilis  is 
recognised  clinically.  Ehrlich  was  able  to  show  that  the  intravenous  injection  of 
salvarsan  produced  a  miraculous  effect  on  syphilis  in  its  primary,  secondary  and 
tertiary  stages.  Primary  lesions  disappeared  almost  at  once,  whilst  secondary 
lesions  such  as  the  rash  would  disappear  within  forty-eight  hours,  and  the  chronic 
tertiary  lesions  such  as  the  suppurating  gummata  from  which  the  victim  had 
suffered  perhaps  for  years  would  begin  to  heal  almost  at  once.  Ehrlich  continued 
his  work  until  his  death,  and  produced  a  large  number  of  other  anti-syphilitic 
substances,  of  which  914  is  perhaps  the  most  important  after  salvarsan,  and  has 

the  following  formula  : — 
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Ehrlich  worked  also  to  extend  his  principle  to  the  treatment  of  malignant  disease, 
and  of  streptococcal  infection.  In  the  case  of  the  former  he  felt  it  might  be 
possible  to  obtain  a  substance  toxic  to  the  cancer  cell  but  innocuous  to  the  host 
tissue,  and  in  the  case  of  the  latter  he  thought  he  might  succeed  in  producing 
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substance  capable  of  curing  septicaemia.  Neither  of  these  objects  was 
accomplished  when  he  died  in  1915. 

His  discovery  attracted  a  great  deal  of  attention  to  the  field  of  chemo-therapy, 
and  a  vast  amount  of  experimental  work  was  undertaken,  again  by  the  German 
firms.  Many  successes  were  obtained,  of  which  Germanin,  or  Bayer  205,  a  cure 
for  sleeping  sickness,  was  one  of  the  most  outstanding.  For  many  years  the 
composition  of  this  substance  was  kept  secret,  but  its  formula  was  ultimately 
arrived  at  by  the  French  chemist  Fourneau  in  the  Institut  Pasteur.  It  is  as  follows  : — 


NaSO 


1  here  is  little  doubt  that  Fourneau’s  work  constitutes  one  of  the  most  brilliant 
pieces  ot  detective  work  in  chemo-therapeutics. 

Malaria  was  another  subject  of  investigation,  and  the  search  for  a  quinine 
substitute  was  crowned  with  success  by  the  discovery  by  the  I.G.  Farbenindustrie 
of  plasmoqume.  This  substance  is  capable  of  being  used  in  the  treatment  of 
malaria,  and  ts  much  cheaper  than  quinine,  which  is  extracted  from  cinchona  bark 
Atebrin,  another  substance  now  in  wide  use,  was  synthesised  for  the  same 
purpose.  1  heir  formula;  are  as  follows  ' 
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llius  we  see  that  chemo-therapy  up  to  1934  had  accomplished  the  most 
remarkable  results,  giving  medicine  more  or  less  complete  control  over  malaria 
syphilis,  sleeping  sickness,  yaws,  and  other  conditions.  Up  to  this  time,  however] 
every  attempt  at  a  chemo-therapeutic  solution  for  streptococcal  infection  had 
failed,  and  it  was  not  until  1935  that  the  I.G.  Farbenindustrie  announced  through 
Professor  Domagk  the  successful  outcome  of  their  work  in  this  field.  Domagk 
had  shown  that  a  red  azo  dye  stuff,  which  was  termed  prontosil,  was  capable  of 
protecting  mice  inoculated  with  virulent  strains  of  streptococci.  Its  formula 
was  as  follows  : — 


A  second  prontosil  substance,  termed  prontosil  soluble,  with  the  following  formula 
was  also  introduced  and  proved  to  be  equally  active  : — 


OH 


These  two  substances  had  widely  differing  structures,  but  they  had  in  common 
the  sulphonamide  group,  and  wrork  was  begun  to  establish  the  most  active  form. 
It  was  found  that  />-aminobenzenesulphonamide,  or  sulphanilamide,  was  almost 
certainly  the  active  agent,  and  it  came  to  be  used  generally  for  acute  streptococcal 
infections,  septicaemia,  meningococcal  meningitis  and  erysipelas,  and  for  the  less 
acute  stages  of  gonorrhoea.  Recently  the  work  of  Whitby  on  these  derivatives 
has  established  that  the  pyridine  derivative,  2-(/>-aminobenzenesulphonamide)- 
pyridine,  known  as  M.  Sc  B.  693,  is  extremely  effective  in  small  doses  against  most 
types  of  pneumococci,  and  is  as  potent  as  sulphanilamide  against  streptococcus 
and  meningococcus,  while  being  much  less  toxic.  Among  published  literature 
on  M.  &:  B.  693  is  a  paper  giving  details  of  200  cases  of  lobar  pneumonia,  100  of 
which  were  treated  with  the  substance.  The  mortality  in  these  cases  was  8  per  cent., 
as  against  27  per  cent,  in  the  control  cases. 

Thus,  out  of  the  work  of  the  great  physicians  and  chemists  of  the  past  two 
thousand  years  have  come  the  pure  naturally-occurring  drugs,  such  as  cocaine, 
digitalis  and  quinine,  the  synthetic  drugs  such  as  aspirin  and  the  antiseptics  and 
finally  the  chemo-therapeutic  remedies  which  are  bringing  under  control  such 
diseases  as  syphilis,  gonorrhoea  and  pneumonia.  They  are  very  different  from  the 
secrets  which  the  alchemist  sought  to  discover,  but  there  can  be  little  doubt  that 
they  are  more  likely  to  alleviate  the  misery  of  this  world  than  an  invention  to  turn 
metals  to  gold  or  even  the  atirurn  potabile. 
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Lecture  II — Delivered  Monday ,  May  15 th,  1939. 


In  the  last  lecture  the  gradual  development  from  early  medicine  and  alchemy 
to  modern  chemistry  and  therapeutics  was  reviewed.  We  confined  ourselves,  how¬ 
ever,  to  those  remedies  which  could  be  extracted  from  plants  and  the  vegetable 
kingdom,  those  which  could  be  obtained  from  the  earth  in  the  form  of  minerals, 
and  finally  to  the  most  useful  product  of  modern  organic  chemistry,  synthetic 
remedies.  In  this  lecture  it  is  proposed  to  deal  with  remedies  of  animal  origin. 

The  eating  of  animal  bodies,  or  parts  of  them,  for  purposes  other  than  nourish¬ 
ment  goes  back  to  the  very  early  history  of  man.  Many  accounts  are  found  of  the 
eating  of  an  enemy’s  heart  in  order  to  confer  bravery  on  the  victor,  a  custom 
which  has  been  practised  among  savage  tribes  from  time  immemorial.  In  the  same 
way  the  sex  organs  of  rivals  and  fallen  enemies  were  also  consumed,  in  the  belief 


that  increased  sexual  potency  would  result. 

Apart  from  these  purely  savage  performances,  there  exists  a  very  elaborate 
pharmacopoeia  consisting  of  organs  to  be  taken  for  health  purposes.  This  form  of 
remedy  has  been  called  opotherapeutics,  and  was  practised  by  those  early 
physicians  mentioned  in  the  first  lecture.  I  hus  Galen,  Avicenna  and  Paracelsus 
all  prescribed  the  use  of  organs  such  as  the  liver  or  the  spleen.  The  underlying 
idea  was  that  for  an  enlarged  spleen  the  correct  treatment  was  the  administration 
of  the  healthy  spleen  of  an  animal.  Similarly  diseases  of  the  liver  were  treated 
b\  the  administration  of  animal  liver.  These  remedies  were  based  entirely  on  the 
old  theories  of  Galen,  and  the  wilder  speculations  of  Avicenna  and  Paracelsus,  and 
it  would  appear  to  the  lecturer  to  be  entirely  unjustifiable  to  suggest  that  this  is 
really  the  foundation  of  modern  endocrinology. 

An  interesting  point  in  studying  opotherapeutics  is  the  attention  that  has  alwavs 
centred  on  the  value  of  the  mouse  as  a  curative  agent.  Right  up  to  the  eighteenth 
century  one  finds  constant  references  to  the  value  of  administering  dead  mice  to 
patients  suffering  from  various  diseases.  The  mouse  was  believed  to  be  of  greatest 
va  ue  m  epilepsy  and  asthma.  To  reap  the  full  benefits  it  was  recommended  that 
it  should  be  eaten  completely,  including  the  skin,  but  for  those  of  a  more  refined 
and  delicate  digestion  the  skin  was  allowed  to  be  removed 

veritable?^  ■ “  **  #ixteenth  ^  Seventeenth  centuries  into  a 

er  table  cult  with  physicians.  One  of  the  most  curious  developments  was  the 

custom  of  administering  portions  of  Egyptian  mummies  by  mlth  This 


and  formed  a  very  important  part  of  the  therapeutics  of  the  sixteenth  and  even 
the  seventeenth  centuries.  Sir  Thomas  Browne  wrote  in  1658 

The  Egyptian  mummies,  which  Cambyses  or  time  hath  spared,  avarice  now 
consumeth.  Mummy  is  become  merchandise,  Mizraim  cures  wounds,  and 

haraoh  is  sold  for  balsams.”  Nearly  a  century  earlier,  Ambrose  Pare  had  written 
attacking  the  practice  very  bitterly,  but  so  established  was  the  treatment  that  he 
drew  great  trouble  on  himself  for  daring  to  attack  something  that  had  the  full 
approval  of  the  medical  profession  of  the  age. 

As  we  pointed  out  in  the  first  lecture,  the  tendency  of  the  seventeenth  century 
was  to  weed  out  of  the  pharmacopoeia  the  useless  drugs,  and  to  retain  those 
possessing  definite  pharmaceutical  activity.  The  same  process  took  place  with 
regard  to  products  of  animal  origin,  although  it  took  very  much  longer.  For 
example,  powdered  unicorn  s  horn  was  still  a  prized  anil  valued  remedy  among  the 
physicians  of  the  elite  as  late  as  1665,  and  extract  of  stag’s  horn  was  mentioned  as 
an  efficient  remedy  by  Sir  Henry  Halford  as  late  as  1835. 

During  the  seventeenth  century  the  administration  of  extracts  of  dead  bodies 
was  in  vogue.  The  fourteen  physicians  who  attended  the  death  bed  of  Charles  1 1 
managed  to  agree  sufficiently  among  themselves  to  approve  the  administration  of 
an  extract  of  human  skulls  which  they  hoped  would  rally  his  strength.  A  verv  good 
account  ot  the  remedies  in  use  at  the  end  of  the  seventeenth  century  will  be  found 
in  the  pharmacopoeia  published  by  Robert  Boyle,  entitled  Medicinal  Experiments, 
or  a  Collection  of  Choice  and  Safe  Remedies. 

The  study  of  endocrinology  could  make  no  real  progress  until  the  principles  of 
anatomy  had  been  finally  settled.  The  foundations  of  modern  scientific  anatomy 
were  laid  in  the  sixteenth  and  early  seventeenth  centuries,  and  by  about  1750  the 
main  details  of  the  gross  structure  of  the  body  had  been  worked  out.  Superstitious 
and  fictitious  structures,  however,  were  still  attributed  to  that  group  of  organs 
known  to-day  as  the  endocrine  system,  and  they  w?ere  the  last  to  be  recognised 
correctly  in  relation  to  other  structures.  For  example,  very  early  in  the  history 
of  anatomy  the  connections  of  the  kidneys  wrere  described  with  great  accuracy. 
Similarly  glands  such  as  the  sub-maxillary  were  carefully  described,  and  their  ducts 
traced  into  the  mouth.  The  early  anatomists,  however,  were  puzzled  by  organs 
such  as  the  suprarenal,  thyroid  and  the  thymus,  since  they  w^ere  unable  to 
demonstrate  the  presence  of  any  ducts,  yet  the  appearance  of  the  tissue  suggested 
very  strongly  their  glandular  nature.  Since  the  sub-maxillary,  the  kidney,  liver 
and  pancreas  all  had  ducts,  the  early  anatomists  concluded  that  the  spleen,  thyroid 
and  suprarenal  must  similarly  possess  ducts.  As  they  were  unable  to  see  them  they 
imagined  them,  and  described  in  minute  detail  the  course  and  passage  of  ducts 
that  we  now  know  never  existed.  Thus  the  thyroid  was  supposed  to  be  connected 
with  the  oesophagus  by  a  series  of  ducts,  along  which  worms  were  supposed  to 
pass  from  the  thyroid  where  they  were  stored  into  the  alimentary  canal.  Ducts 
from  the  suprarenal  were  also  described  in  great  detail,  and  prizes  were  earned  for 
demonstrating  their  path. 
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It  was  not  until  1766  that  Albrecht  von  Haller,  the  great  Swiss  physiologist  of 
Gottingen  and  Bern,  had  the  courage  to  state  openly  his  belief  that  there  was  a 
group  of  glands  existing  which  had  no  ducts.  This  revolutionary  statement  led 
the  less  timid  anatomists  to  investigate  further,  and  finally  to  their  being  convinced 
by  their  own  eyes.  The  search  for  the  non-existent  ducts  was  then  dropped. 

'  The  first  statement  of  the  theory  of  the  endocrine  glands  as  we  understand 
it  was  made  by  Theophile  de  Bordeu,  the  most  outstanding  French  clinician  of 
the  eighteenth  century,  whose  title  to  fame  rests  chiefly  on  his  definite  suggestion, 
made  in  1775,  that  these  glandular  organs  actually  added  some  vital  body  to  the 
blood,  and  that  their  secretions  passed  into  the  veins.  He  was,  of  course,  completely 
without  experimental  evidence,  and  merely  put  the  idea  forward  as  a  theory. 
The  first  clear-cut  experiment  was  made  in  1849  by  the  German  physician 
Berthold,  at  Gottingen,  who  injected  an  extract  of  the  testis  into  a  capon,  and 
showed  that  the  comb  became  enlarged.  He  concluded  that  the  testis  normally 
secreted  a  substance  w'hich  passes  into  the  blood  stream  and  causes  growth  of 


the  comb. 

The  introduction  of  the  term  “  internal  secretion  ’’was  due  to  Claude  Bernard 
(1813-1878),  the  greatest  of  French  physiologists.  In  the  year  1853  he  established 
what  is  known  as  the  glycogenic  function  of  the  liver,  and  he  distinguished  between 
two  types  of  secretion,  both  produced  by  an  organ  like  the  liver,  whose  external 
secretion  is  bile  and  internal  secretion  is  glycogen.  He  also  indicated  clearly  that 
such  internal  secretions  might  be  w7ashed  away  in  the  blood  stream.  His  work 
was  carried  on  by  the  Franco-American  Brown-Sequard  (1817-1894),  who  after 
a  roving  and  adventurous  life  succeeded  Claude  Bernard  at  the  College  de  France 
in  1878.  He  carried  this  doctrine  very  much  further,  and  actually  suggested  the 
clinical  use  of  organ  extracts.  His  experiments  on  himself,  when  as  a  septuagenarian 
he  injected  himself  with  testis  extract,  drew  attention  to  the  possibilities  of 
hormonal  therapy  and  he  is  usually  recognised  as  the  father  of  clinical  endo¬ 
crinology.  While  his  theories  were  sound,  we  can  see  that  his  experimental 
work  on  this  particular  point  was  really  fallacious.  He  reported  very  beneficial 
effects  from  this  injection  of  testis  extract,  but  it  is  plain  that  such  results  must 
have  been  due  to  suggestion,  since  it  would  not  have  been  possible  for  him  to 
have  obtained  by  the  crude  method  of  extraction  that  he  employed  sufficient  of 
the  male  sex  hormone  to  have  a  physical  effect  on  his  system. 

The  history  of  the  discovery  of  the  function  of  the  thyroid  indicates  very  clearly 
the  progress  made  in  the  study  of  the  endocrine  organs,  and  it  may  be  taken  as 
typical  ol  the  work  that  has  been  and  still  is  being  carried  out  on  the  organs  of 
this  system.  In  1874  Sir  William  Gull  published  a  full  account  of  his  observations 
of  the  disease  now  termed  myxeedema,  and  showed  its  close  connection  with 
atrophy  and  degeneration  of  the  thyroid  gland.  This  connection  was  generally 
recognised  by  1890,  and  five  years  later  the  Swiss  surgeon  Kocher  showed  that 
removal  of  a  considerable  amount  of  the  thyroid  gland  resulted  in  the  development 
of  myxeedema.  Meanwhile,  however,  in  1891,  Dr.  George  Murray  carried  out  his 
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courageous  and  brilliant  experiment  on  the  treatment  of  myxcedema  by  injection  of 
an  extract  of  the  thyroid  gland  of  a  sheep.  He  took  the  unusual  course  of  presenting 
is  case  before  a  meeting  of  his  local  medical  society,  outlining  his  proposed 
treatment  and  arranging  to  bring  the  patient  before  the  society  at  a  later  date  in 
order  that  the  members  might  see  the  results.  His  own  words  are  the  best  evidence 
of  the  scientific  spirit  which  inspired  his  plan,  and  are  worth  quoting  because 

of  the  boldness  and  rarity  of  his  method  of  experiment : _ 

I  have  brought  this  patient  before  you  this  evening  as  a  good  typical  case  of 
m\xcedema,  and  also  because  I  wish  to  have  your  opinion  upon  a  mode  of  treatment 
which  I  believe  to  be  new,  and  which  I  propose  to  try  in  this  case  ...  It 
has  occurred  to  me  that  it  would  be  worth  while  to  try  the  hypodermic  injection 
of  an  emulsion  or  extract  of  the  thyroid  gland  of  a  sheep.  This  treatment  appears 
to  be  rational  and  at  any  rate  would  not  harm  the  patient.” 

Far  from  harming  the  patient,  the  treatment  was  a  complete  success,  and  changed 
her  from  a  myxoedematous  imbecile  to  a  normal  person.  Murray  later  published 
a  life  history  of  his  patient,  who  died  from  heart  failure  at  the  age  of  seventy-four 
after  a  healthy  life. 

As  a  result  of  this  demonstration  a  number  of  investigators  began  to  work  on  the 
constitution  of  the  hormone  isolated  by  Murray,  and  in  1915  Kendall  succeeded 
in  isolating  the  crystalline  thyroxine,  which  was  synthesised  by  Harington  in  1927. 

This  represents  the  completed  picture  of  an  endocrine  investigation,  terminating 
with  the  chemical  characterization  of  the  substance  and  its  synthesis  in  the 
chemical  laboratory.  Unfortunately,  all  endocrine  problems  have  not  been  worked 
out  to  so  complete  a  termination.  The  case  of  the  internal  secretions  of  the  pancreas 
is  a  good  example  of  a  partly  worked  out  problem. 

The  disease  of  diabetes  mellitus  has  been  known  since  classical  times.  The 
symptoms  of  excessive  thirst,  polyuria,  wasting  and  death  in  coma  or  from  inter¬ 
current  infection  was  described  by  the  classical  writers  of  Greece.  The  pathology 
of  the  disease,  however,  made  no  advance  until  the  middle  of  the  seventeenth 
century.  At  this  time  it  was  customary  for  the  clinician  to  taste  the  urine  of  the 
patient,  and  by  a  combination  of  the  taste  and  appearance  as  observed  in  a  spherical 
urine  glass  it  was  thought  possible  to  diagnose  the  nature  of  the  complaint,  and  in 
a  kind  of  visionary  manner  to  foretell  the  treatment  and  course  of  the  illness. 
Willis,  the  leading  English  physician  of  the  day,  noticed  that  the  urine  of  patients 
writh  diabetes  mellitus  was  very  much  less  bitter  than  normal  urine,  and 
concluded  that  it  contained  a  sweet  substance.  The  disease  then  became  known  as 
diabetes  mellitus.  The  early  chemical  physiologists  soon  proved  the  substance  to 
be  glucose,  but  no  understanding  of  the  mechanism  of  the  course  of  the  disease 
was  reached  until  the  year  1889,  when  the  German  investigators  von  Mering 
and  Minkowski  showed  that  the  removal  of  the  pancreas  produced  all  the  symptoms 
of  diabetes  mellitus.  When  Murray’s  treatment  of  myxcedema  by  the  injection 
of  thyroid  extract  was  proved  to  be  a  success,  it  was  thought  that  arguing  on 
similar  lines  diabetes  mellitus  might  be  cured  by  the  administration  of  pancreas 
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extract  by  mouth.  This,  unfortunately,  was  not  borne  out  by  subsequent 
experiment,  and  the  feeding  of  diabetics  in  this  manner  produced  absolutely  no 
effect  on  their  condition.  It  was  not  until  the  year  1921  that  Sir  Frederick  Banting 
and  Professor  Best  and  their  associates  succeeded  in  solving  this  very  elaborate 
and  difficult  problem.  By  a  most  ingenious  series  of  experiments  they  succeeded 
in  demonstrating  that  the  active  principle  was  insulin,  as  we  call  it  to-day,  and 
is  a  protein,  and  therefore  would  be  destroyed  by  the  trypsin  of  the  pancreas, 
with  which  it  was  extracted.  They  succeeded  in  obtaining  a  trypsin-free  extract 
of  the  pancreas  and  found  that  the  hormone  insulin  was  quite  stable  under  these 
conditions.  Out  of  this  work  has  come  the  large-scale  production  of  insulin,  and 
the  control  of  the  disease  of  diabetes  mellitus.  Insulin  is  a  protein  which  has  been 
successfully  crystallised,  but  it  cannot,  of  course,  be  characterized  chemically,  nor 
can  it  be  synthesized,  since  organic  chemistry  has  not  yet  reached  the  stage  of 
development  where  protein  synthesis  can  be  undertaken.  There  are  a  number 
of  hormones  in  the  same  stage  of  development,  where  active  stable  preparations 
can  be  obtained,  but  the  chemical  characterization  and  synthesis  has  not  yet 
been  achieved. 

Before  going  on  to  a  discussion  of  the  sex  hormones,  it  may  be  as  well  to  describe 
in  some  detail  the  structure  of  the  sterols,  since  the  extremely  complex  terminology 
used  for  this  subject  makes  understanding  of  the  chemistry  of  these  bodies 
unintelligible  to  the  non-chemist. 

The  sterols,  which  include  such  bodies  as  cholesterol,  have  always  interested  the 
chemist  and  biochemist.  I  hey  contain  hydrogen,  carbon  and  oxygen,  are  soluble 
in  organic  solvents,  and  are  in  some  ways  very  similar  to  fats,  although  it  early 
became  clear  that  their  nature  is  far  more  complex  than  that  of  simple  fats.  Our 
chemical  knowledge  of  them  is  mainly  due  to  Professor  Windaus  and  his 
collaborators  at  Gottingen,  and  to  various  English  workers,  notably  Rosenheim 
and  King. 

I  he  present  view  is  that  sterols  such  as  cholesterol,  the  phytosterols  and  the 
zymosterols  all  consist  essentially  of  a  condensed  carbon  ring  structure  in  which 
the  rings  are  arranged  in  what  is  known  as  the  cyclopentenophenanthrene  system, 
as  indicated  in  the  diagram. 


Carbon  atoms  arc  numbered  in  accordance  with  accepted  international  custom 
it  three  outstanding  characteristics  of  the  sterols  are  the  hvdroxvl  group  at 
carbon  atom  3  the  angle-methyl  group  at  carbon  atoms  to  and  t,',  and  a  Irntg  skle 
Chain  attached  .0  carbon  atom  ,7.  Various  double  bonds  may  be  present!  te 
>  tern,  as  for  example  between  carbon  atoms  4  and  5. 
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The  sex  hormones  consist  of  the  same  cyclopentenophenanthrene  structure 
with  the  side  chain  at  the  17  carbon  atom  removed.  It  is  possible  to  have  alcohol 
groups  or  ketone  groups  at  the  17  carbon  atom.  It  is  obvious  that  to  make  this 
clear  some  system  of  notation  must  be  used  to  indicate  the  position  of  the  groups 
and  double  bonds,  and  this  is  done  by  putting  the  appropriate  number  of  the 
carbon  atom  in  front  of  the  letters  “  ol  ”  for  an  alcohol  group  or  “  on  ”  in  the  case 
ol  a  ketone  group.  A  double  bond  is  indicated  by  changing  the  name  of  the  parent 
hydrocarbon,  and  by  putting  “  en  ”  in  place  of  “  an.”  In  some  cases  the  letter 
A  is  introduced  with  the  numbers  of  the  carbon  atoms  between  which  is  situated 
the  double  bond.  Testosterone,  for  example,  contains  a  double  bond  between 
carbon  atoms  4  and  5,  a  hydroxyl  group  at  the  17  carbon  atom  and  a  ketone  group 
at  the  3  carbon  atom,  and  being  a  derivative  of  the  hydrocarbon  androstane  is 
therefore  written  A  4-androsten-i7-ol-yone. 

Further  complications  exist  which  may  be  briefly  indicated.  The  sterols  consist 
in  the  main  of  condensed  carbon  rings  wrhich  are  saturated.  The  rings  of  the 
cyclopentenophenanthrene  are  also  lettered  according  to  the  scheme  given  above. 
Thus  rings  a  and  b  are  completely  saturated,  and  it  is  possible  to  have  two  forms 
of  the  rings  themselves.  It  depends  on  what  might  be  termed  the  points  of  the 
rings,  i.e.,  carbon  atoms  1  and  4  and  9  and  6.  These  “  points  ”  cannot  be  on  the 
same  plane  owing  to  the  fact  that  the  four  valencies  of  the  carbon  atom  correspond 
to  the  points  of  a  regular  tetrahedron,  and  the  “  points  ”  may  either  be  above 
the  plane  of  the  paper  or  below.  There  can  be  twTo  arrangements  of  this,  in  one 
of  which  one  set  of  points  is  above  the  plane  of  the  paper  and  one  below.  In  this 
case  the  rings  will  present  the  appearance  of  a  chair,  as  shown  in  the  following 
perspective  diagram,  which  is  known  as  the  trans-decalin  arrangement,  or  more 
commonly  as  the  alio  variety  : 


The  cis-decalin,  or  normal  type,  has  the  points  of  the  rings  both  on  the  same 
side  of  the  plane  of  the  paper,  suggesting  the  appearance  of  two  beds. 


Normal  Type. 
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The  question  is  still  further  complicated  by  the  position  of  the  angle-methy 
group  in  relation  to  the  points  of  the  rings,  the  hydroxyl  group  at  3  and  the 
hydrogen  atom  at  5.  Two  varieties  of  alio-  forms  can  exist,  as  shown  in  the 
perspective  drawings.  The  first  is  the  [3  variety,  containing  the  hydroxyl  group  in 
the  same  plane  as  the  methyl  group,  and  the  hydrogen  group  in  the  outsit  e 
plane  to  both:  All  natural  sterols  are  derivatives  of  this  allo-3  form. 


The  second  form,  which  is  also  illustrated,  is  known  as  the  epi-allo,  and  differs 
from  the  allo-(3  form  in  that  the  hydroxyl  group,  instead  of  being  in  the  same  plane 
as  the  angle-methyl  group,  is  on  the  opposite  side,  and  therefore  in  the  same  plane 
as  the  hydrogen  atom  group  at  5. 

It  can  be  seen  that  the  complexity  of  the  rings  is  very  great,  and  we  have  only 
dealt  with  rings  a  and  b  here.  Stereoisomerism  can  occur  in  the  other  rings,  and 
it  is  possible  to  postulate  32  isomers  of  oestrone.  Thus,  it  can  be  seen  that  the  task 
facing  the  organic  chemist  is  extremely  difficult,  since  it  is  possible  to  synthesize 
a  molecule  having  the  correct  formula  which  is  yet  one  of  the  thirty-one  unnatural 
isomers.  The  only  other  stereoisomeric  problem  that  we  need  consider  here  is 
that  of  carbon  atom  17.  When  the  alcohol  group  is  attached  to  the  17  carbon 
atom  it  is  possible  to  have  two  isomerides,  one  in  which  the  hydroxyl  group  is  in 
the  same  plane  as  the  angle-methyl  group  on  the  13  carbon  atom,  in  which  case 
the  compound  is  said  to  be  cis,  and  the  second  in  which  it  is  in  the  opposite  plane, 
when  it  is  termed  trans. 

The  most  rapid  recent  developments  in  endocrinology  have  taken  place  in  the 
case  of  the  sex  hormones,  particularly  the  female  sex  hormone.  The  results  of  the 
removal  of  the  ovaries  is  one  of  the  earliest  observations  in  the  history  of  medicine, 
as  is  the  results  of  castration  in  the  male.  Yet  the  reason  for  this,  and  real 
understanding  of  the  functions  of  the  ovaries,  was  not  known  until  endocrinology 
became  a  field  of  study  in  our  own  time.  The  story  of  modern  developments 
begins  with  the  work  of  Stockard  and  Papanicolaou,  who  established  the  rodent 
as  a  suitable  test  animal,  and  demonstrated  the  vaginal  changes  taking  place  during 
the  sexual  cycle  by  the  simple  means  of  a  vaginal  smear.  As  a  result  of  their 
work  the  Americans  Allen  and  Doisy  tested  a  series  of  ovarian  extracts  on  rats 
and  mice,  and  showed  that  an  alcoholic  extract  of  ovaries  would  induce  oestrus 
changes  in  the  ovaries  of  the  mouse,  and  that  it  was  possible  to  produce  a  stable 
oestrus-producing  ovarian  hormone. 

The  next  important  step  was  made  in  1927  by  Aschheim  and  Zondek,  who 
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showed  that  the  urine  of  pregnancy  is  a  plentiful  source  of  the  hormone,  and 
that  a  substance  of  much  greater  potency  than  that  obtained  from  the  ovaries  could 
be  extracted  from  this  source.  Really  detailed  chemical  study  now  became 
possible,  and  Doisy  in  America  and  Butenandt  in  Germany,  independently  and 
simultaneously,  demonstrated  the  crystallization  of  a  substance  from  the  urine  of 
pregnant  mares,  while  a  crystalline  substance  from  human  pregnancy  urine  was 
obtained  by  Marrian  in  England.  The  constitution  of  these  substances  was  soon 
pro\  ed,  and  that  isolated  from  mare’s  urine  became  known  as  oestrone,  and  that 
from  human  urine  as  cestriol.  Their  formula;  are  as  follows 


O 


OEstrone 


CH, 


(Estriol  proved  to  be  less  potent  than  the  crystals  obtained  by  Doisy  and 
Butenandt. 

The  extraction  of  oestrogenic  substances  from  the  urine  of  pregnancy  on  a 
commercial  scale  was  made  possible  by  the  use  of  Girard’s  reagent,  which  is 
capable  of  reacting  on  organic  ketones  and  making  them  water-soluble.  It  is  the 
ketonic  fraction  of  this  material  which  is  responsible  for  the  activity.  Girard  also 
prepared  a  series  of  compounds  such  as  equilene  and  equilenin,  with  varying  degrees 
of  potency. 

Through  the  work  of  Schwenk  and  Hildebrandt  a  substance  known  as 
ccstradiol,  which  is  now  recognised  as  the  naturally  occurring  oestrus  principle, 
was  produced  by  a  process  involving  the  hydrogenation  of  oestrone.  Considerably 
later  Doisy  isolated  this  substance  from  follicular  fluid.  Its  formula  is  as  follows ; — 


These  substances,  usually  in  the  form  of  their  benzoate,  came  to  be  largely 
used  clinically,  either  alone  or  in  conjunction  with  the  corpus  luteum  hormone, 
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progesterone.  Their  chief  use  was  found  in  the  menopause,  and  they  rapidly 
became  the  standard  treatment.  Unfortunately,  they  are  not  readily  absorbed 
by  mouth,  and  usually  have  to  be  given  by  injection.  A  further  disadvantage  is 
the  expense  of  the  substances.  A  recent  development  was  the  discovery  of  a  highly 
active  derivative  of  oestradiol,  ethinyl  cestradiol,  by  Inhoffen  and  his  collaborators  ; 
this  compound  is  very  potent  when  given  by  mouth. 

Many  attempts  have  been  made  to  produce  these  substances  synthetically,  but 
without  success  owing  to  the  complexity  of  the  structure  of  the  stereoisomeric 
forms.  A  new  approach  was  made,  however,  when  the  fact  that  several  substances 
with  differing  constitutions,  yet  the  san^p  biological  activity,  had  been  found,  led 
to  an  attempt  to  establish  the  specificity  of  the  oestrus  reaction.  The  activity  of 
a  large  series  of  phenanthrene  compounds  was  investigated,  and  in  1933  a  paper 
was  published  by  Cook,  Dodds  and  Hewett  describing  a  relatively  simple 
substance,  i-keto-i  :  2:  3:  4-tetrahydrophenanthrene,  which  though  of  very  low 
potency  produced  the  same  result  as  cestrone.  Many  other  compounds  of  differing 
degrees  ot  activity  were  found,  among  them  9  :  io-dihydroxy-9  :  10-di-w-propyl- 

9  .  io-dihydro-i  :  2  :  5  :  6-dibenzanthracene,  whose  activity  approached  that  of 
oestriol. 

1  he  greatest  advance  in  this  investigation  was  made,  however,  when  Dodds  and 
Lawson  showed  that  the  phenanthrene  ring  system  was  not  essential  for  oestrogenic 
activity.  Compounds  of  simple  structure  with  varying  degrees  of  activity  were 

obtained,  and  an  intensive  effort  was  made  to  simplify  the  molecule  and  to  increase 
the  activity. 

Among  these  compounds  the  activity  of  />-hydroxy  propcnyl  benzene,  or  anol,  was 
investigated.  Its  activity  at  first  was  thought  to  be  very  high,  but  it  later  appeared 
that  this  was  due  to  a  contaminant,  probably  a  dimeride.  As  a  result  all  possible 
dimer  ides  of  anol  were  synthesized,  and  among  them  a  derivative  of  stilbene 
4  :  4  -dihydroxy-a  :  [3-diethyl  stilbene,  with  the  following  formula 


1,0  O— f-c— O 


c2hs  c2h5 


This  compound,  which  they  termed  diethyl  stilboestrol  or  stilbcestrol  was 
usm  e  in  a  paper  by  Dodds,  Golberg,  Lawson  and  Robinson  last  year  It  was 
ound  to  have  an  activity  considerably  greater  than  that  of  cestrone,  and  moreover 
to  be  almost  as  potent  when  taken  by  mouth  as  bv  iniection  Ir  u  . 

Very  cheaply  in  the  laboratory  from  ordinary  chemical  starting  materi^Vhas 
been  exhaustively  tested  both  experimentally  and  clinically  and  I,,!  c 


22 


when  taken  by  mouth.  Yet  another  substance,  dihydro  stilbcestrol,  is  under 
investigation,  and  appears  to  be  of  a  high  potency. 

I  he  early  history  of  the  male  sex  hormone  is  similar.  The  results  of  castration 
were  known  and  used  from  the  very  earliest  times,  although  again  it  was  not  until 
comparatively  recently  that  there  was  any  real  understanding  of  the  processes 
at  woik.  As  we  have  seen,  Brown-Sequard’s  experiment  with  injections  of  testis 
tissue  extract  was  probably  the  first  attempt  to  solve  an  endocrinological  problem 
on  modern  lines,  but  it  failed  because  the  testis  tissue  itself  contains  so  little 
ot  the  male  hormone.  Again,  the  first  real  advance  was  made  when  a  plentiful 
source  ol  the  hormone  was  discovered  in  men’s  urine.  Androste'rone  was  soon 
afterwards  crystallized  by  Butenandt,  and  the  formula  established  : — 

O 

CHJ 


HO 

This  was  followed  by  the  success  of  Ruzicka’s  attempts  to  synthesize  androsterone, 
and  the  compound  dehydroandrosterone,  by  the  synthetic  degradation  of 
cholesterol.  Unfortunately,  both  these  substances  had  a  very  low  potency,  and  it 
was  plain  that  the  active  principle  had  not  yet  been  isolated.  The  American 
workers,  Koch  and  Gallagher,  succeeded  in  producing  substances  from  five  to 
ten  times  as  active  from  bull  testis  tissue,  and  as  a  result  of  this  work  David  and 
Laqueur  isolated  from  the  same  source  testosterone,  which  was  later  produced  by 
the  synthetic  degradation  of  cholesterol. 

Androgenic  substances  are  excreted  in  female  as  well  as  in  male  urine,  and  by 
deviations  from  the  amounts  normally  excreted  it  has  been  found  possible  to 
diagnose  adrenal  tumours,  for  in  such  cases  the  excretion  of  androgens  is  very 
greatly  increased.  Such  estimates  can  as  yet  only  be  carried  out  on  a  broad  basis, 
and  it  is  not  possible  to  distinguish  between  or  draw  conclusions  from  the  quantities 
of  different  amounts  of  androgenic  substances  excreted. 

The  corpus  luteurn  hormone  is  usually  considered  in  conjunction  with  the  female 
sex  hormone,  with  which  it  is  very  closely  connected.  It  was  soon  found  that 
oestrogens  alone  would  not  reproduce  the  sexual  cycle  in  animals  higher  in  the 
scale  than  the  rodent,  and  that  a  second  principle  was  required  in  order  to  produce 
the  progestational  phase  of  the  uterus,  without  which  implantation  of  the 
fertilised  ovum  cannot  take  place.  The  fact  that  the  ovary  secretes  such  a  hormone 
was  first  shown  by  the  American  workers  Allen  and  Corner,  who  demonstrated 
that  by  using  an  extract  of  the  corpus  luteum  in  addition  to  cestrone  the  complete 
menstrual  changes  could  be  produced  in  the  ovariectomised  animal.  The  hormone 


was  crystallized  independently  by  Butenandt  and  by  Allen,  and  became  known 
as  progesterone,  with  the  following  formula 
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It  was  found  difficult  to  obtain  an  adequate  supply  until  it  was  shown  that  it 
could  be  obtained  by  the  same  process  of  sterol  degradation  used  in  the  case  of  the 
male  sex  hormone,  using  the  soya  bean  as  the  starting  material  from  which 
progesterone  is  obtained. 

Progesterone  is  active  only  by  the  subcutaneous  route,  but  Inhoffen  has  recently 
introduced  a  derivative  known  as  pregneninolone,  which  is  active  orally  and  seems 
likely  to  have  considerable  clinical  possibilities,  particularly  with  regard  to 
threatened  abortion  and  menorrhagia. 

The  suprarenal  is  a  good  example  of  the  reluctance  of  anatomists  to  give  up  the 
idea  that  glands  all  possessed  ducts,  for  it  was  not  until  about  a  hundred  years  ago 
that  it  became  generally  accepted  that  the  suprarenal  had  no  duct,  and  that 
anatomists  ceased  to  demonstrate  its  presence.  Its  importance  was  first  established 
when  Addison  showed  the  relationship  between  the  gland  and  the  disease  which  is 
known  by  his  name.  It  was  hoped  when  adrenalin  was  first  isolated  and  then 
synthesized  that  it  would  be  possible  to  bring  the  disease  under  control,  but, 
unfortunately,  it  appeared  to  have  no  effect  whatsoever  on  the  condition.  As  the 
result  of  much  animal  experimentation  it  became  established  that  the  suprarenal 
is  essential  to  life,  and  since  the  injection  of  adrenalin  will  not  sustain  life  in  the 
bilaterally  adrenalectomized  animal,  it  was  clear  that  the  gland  secretes  another 
substance. 

The  search  for  this  substance  was  unsuccessful  until  the  year  1931,  when 
Swingle  and  Pfiffner  extracted  a  stable  hormone  which  was  shown  capable  of 
maintaining  life  in  adrenalectomized  cats.  Considerable  work  followed,  and 
Reichstein  succeeded  in  preparing  a  whole  series  of  substances  produced  by  the 
suprarenal  and  capable  of  maintaining  life.  Again,  the  hormone  is  now  produced 
by  a  degradation  synthesis,  from  either  cholesterol  or  stigmasterol,  and  the  product 
is  more  active  than  the  naturally-occurring  substance. 

Probably  the  principal  feature  of  the  history  of  endocrinology  in  recent  years  is 
the  gradual  recognition  of  the  importance  of  the  pituitary  gland.  It  is  now 
established  that  the  anterior  lobe  of  the  pituitary  controls  the  functioning  of  the 
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rest  of  the  endocrine  system,  through  the  complex  protein  bodies  secreted  by  the 
anterior  lobe,  which  in  turn  act  on  the  other  endocrine  organs,  causing  them  to 
secrete  their  secondary  hormones.  Such  functions  are  best  seen  by  observing  the 
effects  of  hvpophysectomv,  either  before  or  after  puberty.  If  the  gland  is  removed 
before  puberty  there  is  retardation  of  skeletal  growth  and  the  sexual  development 
tails  to  take  place.  After  puberty,  in  the  male  atrophy  of  the  sex  organs  results, 
and  in  the  female  there  is  cessation  of  the  sexual  cycle  and  atrophy  of  ovaries  and 
uterus.  This  is  through  lack  of  the  gonadotrophic  hormone,  which  is  secreted  by 
the  anterior  lobe  and  acts  on  the  sex  glands. 

The  growth  hormone  secreted  by  the  anterior  lobe  acts  mainly  before  maturity, 
and  has  little  effect  on  adults  or  mature  animals.  As  we  have  said,  hypophvsectomy 
results  in  the  retardation  of  growth,  and  injection  of  the  growth  hormone  accelerates 
growth,  though  it  apparently  loses  its  effect  when  normal  growth  is  reached,  and 
will  not  produce  giantism  possibly  because  of  the  production  of  an  anti-body  or 
anti-growth  hormone. 

Another  effect  of  removal  of  the  pituitary  is  atrophy  of  the  thyroid  gland  and 
consequent  reduction  of  the  basal  metabolic  rate,  through  lack  of  the  thyrotrophic 
hormone,  which  acts  on  the  thyroid  gland.  The  adrenal  cortex  becomes  rapidly 
greatly  reduced  in  size  after  hypophvsectomy,  through  lack  of  the  adrenotrophic 
hormone. 

The  chemical  problems  involved  in  a  study  of  the  anterior  lobe  hormones  are 
very  difficult  indeed,  since  they  belong  to  the  class  of  proteins.  \\  hilst  great 
strides  have  been  made  recently  in  the  investigation  of  the  protein  molecule,  it  is 
clear  that  an  improvement  in  chemical  synthetic  technique  of  a  magnitude  that 
we  cannot  at  present  envisage  will  have  to  take  place  before  these  substances  can 
be  produced  in  the  laboratory. 
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Lecture  III — Delivered  Monday,  May  22 nd,  1939 

In  the  first  lecture  we  discussed  the  development  of  drugs  and  therapeutic 
agents  mainly  of  two  classes  :  those  occurring  naturally  and  of  vegetable  or 
mineral  origin,  and  the  later  synthetic  remedies  which  came  with  the  development 
of  organic  chemistry.  In  the  second  lecture  we  discussed  products  of  animal 
origin,  and  the  consumption  of  animals  or  parts  of  them  and  their  effect  on  the 
body.  We  were  concerned  only  with  their  consumption  for  therapeutic  purposes. 
In  this  final  lecture  we  propose  to  consider  the  eating  of  food  simply  for 
sustenance. 

No  proper  understanding  of  nutrition  was  possible  until  the  phlogiston  theory 
had  finally  been  destroyed  by  Lavoisier  towards  the  end  of  the  eighteenth  century. 
Prior  to  this  it  is  needless  to  say  that  the  consumption  of  food  was  always  known 
to  be  essential  to  prevent  death  from  inanition.  Starvation  was  always  associated 
with  great  lassitude,  with  the  result  that  medieval  and  later  thinkers  regarded 
food  as  a  source  of  energy.  Thus  red  meat  was  supposed  to  provide  some  form  of 
vital  spirit,  and  it  was  assumed  that  in  some  mysterious  way  the  body  extracted 
from  the  meat  a  living  dynamic  force  which  enabled  it  to  maintain  its  energy. 
With  Lavoisier’s  correct  explanation  of  the  phenomenon  of  combustion,  the  true 
processes  of  metabolism  in  the  human  body  became  understood,  and  his  very 
beautiful  experiments  showed  conclusively  that  the  human  body  obtained  its 
energy  by  burning  up  food  at  a  low  temperature.  He  was  able  to  employ  for  the 
first  time  what  is  now  knowrn  as  the  method  of  indirect  calorimetry,  and  showed 
that  the  body  took  in  oxygen  and  gave  out  carbon  dioxide  in  proportion  to  the 
amount  of  food  substance  that  w'as  burnt.  These  classical  observations  paved  the 
way  for  the  work  of  Max  Rubner  w'hich  in  turn  finally  led  to  the  conception  of 
basal  metabolism,  the  determination  of  which  is  such  an  important  clinical 
study  to-day. 

After  the  year  1800,  as  we  have  pointed  out,  the  great  organic  chemists  began 
to  investigate  and  elucidate  the  structure  of  naturally  occurring  substances,  and 
the  constitution  of  food  substances  wras  one  of  the  first  and  most  important  to  be 
investigated.  It  will  be  remembered  that  in  1828  Wohler  by  his  synthesis  of  urea 
succeeded  in  breaking  down  the  barrier  between  organic  and  inorganic  chemistrv, 
and  this  observation  gave  great  impetus  to  the  study  of  the  constitution  of  food 
substances.  The  pioneer  work  in  this  field  was  done  by  Liebig,  whose  classical 
researches  on  proteins  laid  the  foundations  for  their  subsequent  chemical 
development.  By  about  1870  the  composition  of  proteins,  fats  and  carbohydrates 
was  fairly  clearly  understood. 

It  is  not  proposed  in  these  lectures  to  attempt  to  review  the  development  of 
later  chemical  knowledge  of  these  substances.  It  suffices  to  say  that  mainly 
through  the  labours  of  Emil  Fischer  (1852-1919),  tfie  great  German  organic 
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chemist,  the  structure  of  the  proteins  and  carbohydrates  was  worked  out.  The 
constitution  of  fats  had  been  cleared  up  by  the  middle  of  the  last  century,  beins 
ot  a  much  simpler  nature.  6 

About  1850  attempts  were  made  to  allocate  special  functions  to  various  parts 
of  the  diet.  Prior  to  1865  protein  was  regarded  as  a  source  of  energy.  This 
erroneous  view  is  still  propagated  to-day  in  the  diet  of  athletes,  who  it  is  assumed 
must  eat  large  quantities  of  beef  steak,  preferably  raw,  in  order  to  strengthen  their 
muscles.  In  1865,  however,  the  German  investigators  Fick  and  Wislicenus 
climbed  the  Faulhorn  from  Lake  Brienz  and  by  collecting  their  urine  at  various 
stages  on  the  ascent  were  able  to  demonstrate  that  there  was  no  increase  in  the 
urea  excretion.  By  further  analytical  processes  they  indicated  that  carbohydrate 
was  the  source  of  muscular  energy.  Proteins  were  thus  recognised  as  being 
essential  to  replace  the  metabolic  changes  occurring  in  the  body  proteins,  and 
since  it  is  only  in  the  form  of  protein  that  nitrogen  can  be  assimilated  by  the 
animal  it  is  clear  that  a  certain  minimum  must  be  necessarv.  Fhe  old  controversv 
on  the  protein  minimum  will  be  remembered  by  students  of  physiology. 

By  about  1870  the  essential  constituents  of  the  diet  and  their  relative  properties 
were  recognized,  but  diet  was  still  merely  a  question  of  quantity  and  not  quality. 
I  he  idea  that  pathological  effects  could  result  from  disturbances  in  diet  can  be 
traced  back  a  considerable  way,  but  the  truth  of  the  conception  was  not  realised 
until  the  end  of  the  last  century.  The  attention  of  physiologists  and  pathologists 
was  called  to  this  problem  by  three  diseases,  scurvy,  beriberi  and  rickets.  It  is 
not  proposed  here  to  enter  into  any  great  details  of  these  conditions,  since  they 
have  already  been  adequately  described  by  Professor  J.  C.  Drummond  in  his 
Cantor  Lectures  and  in  his  book  entitled  The  Englishman' s  Food. 

Scurvy  has  probably  been  responsible  for  greater  suffering  and  disaster  in  the 
past  than  any  other  disease.  It  was  the  scourge  of  armies  and  beleaguered  peoples, 
and  prior  to  the  eighteenth  century  was  regarded  as  inevitable  in  all  long  sea 
voyages.  It  was,  for  example,  quite  a  common  event  to  find  a  ship  at  sea  with 
everyone  aboard  her  dead  from  scurvy.  The  first  recorded  association  of  food 
with  the  cure  of  scurvy  was  in  1720,  when  the  Austrian  army  physician  Kramer 
published  a  statement  that  the  disease,  no  matter  how  severe,  could  be  cured  in 
a  few  days  by  the  administration  of  3  to  4  ounces  of  fresh  orange  juice.  This 
observation  was  apparently  lost  sight  of,  and  the  definite  establishment  of  fresh 
fruit  juice  as  a  cure  for  scurvy  is  usually  credited  to  Captain  Lind,  a  British  naval 
surgeon,  whose  Treatise  on  Scurvy  was  published  in  1757.  Lind’s  claim  is  based 
on  the  fact  that  whereas  previous  references  had  been  scanty  and  incidental,  he 
collected  all  the  references  together  and  by  his  account  of  his  own  experimental 
work  established  the  fact  that  fresh  fruit  would  cure  scurvy  beyond  all  dispute. 
His  experiments  are  best  described  in  his  own  words  : — 

“  On  the  20th  May,  1747,  I  took  twelve  patients  in  the  scurvy  on  board  the 
‘  Salisbury  ’  at  sea.  Their  cases  were  as  similar  as  I  could  have  them.  Two  of 
these  were  ordered  each  ^  quart  of  cyder  a  day.  Two  others  took  twenty-five 


27 


drops  of  elixir  vitriol,  three  times  a  day,  upon  an  empty  stomach  ;  using  a  gargle 
strongly  acidulated  with  it  for  their  mouths.  Two  others  took  two  spoonfuls  of 
vinegar  three  times  a  day  upon  an  empty  stomach  ;  having  their  gruels  and  their 
other  foods  well  acidulated  with  it,  as  also  the  gargle  for  their  mouths.  Two  of 
the  worst  patients,  with  the  tendons  under  the  ham  rigid  (a  symptom  none  of  the 
rest  had)  were  put  under  a  course  of  sea-water.  Of  this  they  drank  half-a-pint 
every  day  and  sometimes  more  or  less,  as  it  operated  by  way  of  gentle  physic. 
Two  others  had  each  two  oranges  and  one  lemon  given  them  every  day.  These 
they  ate  with  greediness,  at  different  times,  upon  an  empty  stomach.  They 
continued  but  six  days  under  this  course,  having  consumed  the  quantity  that 
could  be  spared.  The  two  remaining  patients  took  the  bigness  of  a  nutmeg  three 
times  a  day  of  an  electary  recommended  by  a  hospital-surgeon  made  of  garlic, 
mustard-seed,  rad.  raphan,  balsam  of  Peru,  and  gum  myrrh  ;  using  for  common 
drink,  barley-water  well  acidulated  with  tamarinds  ;  by  a  decoction  of  which, 
with  the  addition  of  cremor-tartar,  they  were  greatly  purged  three  or  four  times 
during  the  course.  The  consequence  was,  that  the  most  sudden  and  visible  good 
effects  were  perceived  from  the  use  of  the  oranges  and  lemons  ;  one  of  those  who 
had  taken  them  being  at  the  end  of  six  days  fit  for  duty  .  .  .  The  other  was 

the  best  recovered  of  any  in  his  condition  ;  and  being  now  deemed  pretty  well, 
was  appointed  nurse  to  the  rest  of  the  sick. 

“  Some  persons  cannot  be  brought  to  believe  that  a  disease  so  fatal 
and  dreadful  can  be  prevented  or  cured  by  such  easy  means.  They  would 
have  more  faith  in  some  elaborate  composition  dignified  by  the  title  of 
an  antiscorbutic  golden  elixir  or  the  like  .  .  .  Facts  are  sufficient  to 

convince  the  unprejudiced  .  .  .  it  is  no  easy  matter  to  root  out  old 

prejudices  or  overturn  opinions  which  have  acquired  an  establishment  by  time, 
custom  and  great  authorities.” 

As  a  result  of  Lind’s  work  the  Admiralty  took  steps  to  see  that  all  naval  ships 
were  adequately  provided  with  supplies  of  fresh  fruit,  and  it  is  estimated  that  bv 
1804  scurvy  had  completely  disappeared  in  the  Navy.  The  success  of  Cook’s 
voyages  is  undoubtedly  partly  due  to  his  provisions  for  the  prevention  of  scurvy, 
and  he  pays  tribute  in  his  description  of  his  voyages  to  the  “  extraordinary 
attention  paid  by  the  Admiralty  in  causing  such  articles  to  be  put  on  board  as 
either  from  experience  or  suggestion  it  was  judged  would  tend  to  preserve  the 
health  of  the  seamen.”  Lind’s  assertion  that  many  people  would  find  it  difficult  to 
believe  that  so  dreadful  a  disease  could  be  cured  so  simply  proved  to  be  true, 
however,  and  it  was  not  until  1865  that  it  became  compulsory  for  merchant  ships 
to  carry  adequate  supplies  of  fresh  fruit  for  long  journeys. 

Beriberi  has  been  known  for  centuries,  particularly  in  the  East,  as  a  very  crippling 
isease  associated  with  peripheral  neuritis  and  deforming  contractions  of  the 
limbs.  It  was  especially  prevalent  in  the  Japanese  Navy,  where  at  one  time  it 
was  estimated  that  40  per  cent,  of  the  sailors  suffered  from  it.  Takaki  a  young 
naval  physician,  determined  to  put  an  end  to  the  scourge,  if  humanly  possible, 
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and  came  to  St  T  homas  s  Hospltal  in  London  to  study  for  five  years,  in  preparation. 
On  his  return  he  came  to  the  conclusion  that  the  cause  of  beriberi  must  lie  in  diet 
since  only  m  this  did  the  conditions  in  the  Japanese  navy  differ  in  any  marked 
respect  from  those  in  other  navies,  which  were  free  of  the  disease.  He  was  now 

1  rector  of  the  Tokio  Naval  Hospital,  and  in  a  position  to  make  experiments  on 
a  large  scale.  He  therefore  fitted  out  a  ship  in  every  way  similar  to  one  which  had 
just  returned  from  a  world  voyage  and  which  had  suffered  badly  from  beriberi, 
and  he  sent  it  to  follow  the  same  route.  The  only  difference  lav  in  the  food  supply 
which,  in  his  own  words,  contained  “  elements  the  relative  proportion  of  nitrogen 
to  carbon  of  which  was  one  to  fifteen.”  As  a  result  there  was  not  one  death  from 
beriberi,  the  Admiralty  became  convinced  that  the  previous  diet  had  been  faulty 
and  introduced  far  more  varied  food,  and  within  a  few  months  the  Japanese  navy 
became  free  from  beriberi.  Despite  the  success  of  his  work,  however,  Takaki 
erroneously  believed  that  the  cause  of  the  disease  was  merely  the  lack  of  a  balanced 
diet,  and  did  not  realise  that  the  harm  lay  in  the  large  amounts  of  polished  rice 
that  the  sailors  ate. 

By  the  year  1900  rickets  was  known  to  be  associated  with  some  deficiency  of 
the  fats  in  the  food.  Experimental  work  in  1889  by  Sir  John  Bland-Sutton 
showed  that  lion-cubs  at  the  Zoo  could  be  reared  free  of  rickets  if  they  were  given 
an  excess  of  fresh  fat,  and  in  1890  an  English  physician,  Dr.  Palm,  pointed  out 
that  rickets  was  comparatively  unknown  among  people  in  sunny  countries,  and  he 
advocated  the  use  of  sunlight  as  a  cure  for  rickets  in  children. 

Thus  by  the  opening  of  this  century  it  was  realized  that  there  were  at  least  three 
diseases  that  were  caused  by  some  abnormality  in  the  diet.  The  next  step  was  the 
artificial  production  of  these  diseases  under  laboratory  conditions.  Extensive 
investigations  into  the  nature  of  beriberi  were  made  by  Dutch  workers,  in  whose 
Eastern  empire  the  disease  was  very  prevalent,  and  Eijkman  succeeded  in 
demonstrating  that  the  anti-beriberi  factor  was  present  in  the  polishings  of  rice  ; 
he  produced  the  disease  in  hens,  and  for  the  first  time  avian  polyneuritis  was 
exhibited  as  a  laboratory  condition.  He  then  showed  that  he  could  cure  the 
disease  by  administering  the  polishings  discarded  from  the  rice  on  which  the 
birds  had  been  fed.  Like  Takaki,  however,  he  had  not  realised  the  true  nature 
of  his  experiment,  and  thought  of  it  more  as  a  pharmacological  problem  than  as 
the  replacement  of  some  essential  missing  food  factor.  It  was  in  1901  that 
Eijkman’s  colleague  Grijns  suggested  that  the  anti-beriberi  factor  was  a  normal 
constituent  of  diet. 

With  regard  to  the  experimental  production  of  scurvy  this  was  not  accomplished 
until  1907,  when  the  Norwegians  Holst  and  Frolich  were  able  to  evolve  a  diet  on 
which  guinea-pigs  demonstrated  the  lesions  of  scurvy.  In  1 9 1 5  experimental 

production  of  rickets  by  diets  deficient  in  fat  soluble  vitamins  was  successfully 
demonstrated  by  Mellanby  in  the  case  of  the  dog. 

An  able  attempt  at  generalisation  with  regard  to  the  accessory  food  factors  was 
made  in  1912  by  Casimir  Funk.  He  suggested  that  the  essential  factors  in  food 
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for  protection  against  beriberi,  scurvy  and  the  other  deficiency  diseases  were  all 
bodies  of  the  same  class,  and  possibly  could  be  converted  one  into  the  other. 
He  was  under  the  impression  that  they  were  amines,  and  therefore  namei 
them  “vitamines.”  His  views  on  the  subjects  are  clearly  stated  in  his  own 


“  The  diseases  mentioned  above  present  certain  general  characters  whic  h 
justify  their  inclusion  in  one  group,  called  deficiency  diseases.  They  were 
considered  for  years  either  as  intoxication  by  food  or  as  infectious  diseases,  an 
twenty  years  of  experimental  work  were  necessary  to  show  that  diseases  occur 
which  are  caused  by  a  deficiency  of  some  essential  substance  in  the  food.  Although 
this  view  is  not  yet  generally  accepted,  there  is  now  sufficient  evidence  to  convince 
everybody  of  its  truth,  if  the  trouble  be  taken  to  follow  step  by  step  the  development 
of  our  knowledge  on  this  subject.  This  article  is  written  with  the  intention  of 
giving  a  summary  of  the  modern  investigations,  and  by  means  of  a  careful  selection 
of  references  to  facilitate  the  research  for  anybody  who  wishes  to  read  the  original 
literature.  This  careful  selection  was  absolutely  necessary,  for  there  is  perhaps 
no  other  subject  in  medicine  where  so  many  contradictory  and  inexact  statements 
were  made,  which  instead  of  advancing  the  research  retarded  it  by  leading 
investigators  in  a  wrong  direction.” 

Undoubtedly  Funk’s  views  with  regard  to  the  chemical  nature  of  these 
substances  were  not  correct,  and  many  attempts  have  been  made  to  eradicate  the 
word  “  vitamine  ”  from  the  literature.  Despite  the  efforts  of  international 
commissions,  however,  it  has  still  retained  its  hold,  and  although  sheared  of  its 
final  “  e  ”  it  seems  that  it  has  definitely  come  to  stay  as  an  expression  denoting 
those  accessory  food  factors  which  are  capable  of  protecting  against  deficiency 
diseases  when  administered  in  very  minute  amounts. 

Controversy  as  to  the  actual  discoverer  of  the  accessory  food  factors  is  not 
particularly  profitable,  since  it  is  always  possible  to  go  further  and  further  back 
in  the  literature  and  to  find  references  which  indicate  that  the  author  really  fore¬ 
saw  the  development  of  vitamins.  There  is,  for  example,  little  doubt  that  Bunge 
had  a  very  clear  idea  that  life  could  not  be  maintained  on  pure  proteins,  fats  and 
carbohydrates,  as  the  following  paragraph  from  lecture  VIII  of  his  well-known 
text-book  shows  plainly  : 

“  These  observations  show  how  carefully  nature  has  provided  for  the  supply  of 
all  necessary  foodstuffs  in  their  due  proportions.  It  is  therefore  not  a  matter  of 
indifference  whether  the  young  derives  its  nourishment  from  its  own  mother  or 
from  the  milk  of  another  animal,  or  even  from  an  artificial  food.  Even  wrere  the 
constituents  and  their  proportions  in  the  milk  known  to  us,  the  preparation  of 
such  an  artificial  food  would  present  considerable  difficulties.  But  we  must 
acknowledge  that  we  are  possibly  not  even  acquainted  with  all  the  constituents. 
For  instance,  the  various  proteids  and  nucleins  of  milk  have  not  yet  been  separated 
out  as  chemical  entities,  nor  have  their  characteristics  in  this  condition  been 
studied.  And  finally  there  is  the  possibility  that  milk  may  contain  small  amounts 


of  substances  not  yet  discovered,  which  may  nevertheless  play  an  important  part 
in  nutrition.”  1 

In  Bunge  s  laboratory  his  pupil,  Lunin,  conducted  experiments  with  diets 
containing  pure  protein,  fats  and  carbohydrates,  and  confirmed  the  importance 
ot  small  quantities  of  milk  being  added  to  the  diet. 

The  German  worker  Stepp  is  also  credited  with  the  discovery  of  the  accessory 
food  factors  as  a  result  of  his  demonstration  that  if  foods  were  subjected  over 
prolonged  periods  to  extraction  with  a  volatile  solvent  they  become  incapable  of 
maintaining  life,  whereas  the  addition  of  the  extracted  material  rendered  the  diet 
adequate. 

It  is  also  beyond  dispute  that  in  1905  the  Dutch  biochemist  Pekelharing  realised 
the  importance  of  the  accessory  food  factors.  He  repeated  the  earlier  work  on 
synthetic  diets,  and  again  showed  the  importance  of  the  addition  of  milk.  He 
describes  his  experiments  as  follows  : 

“  Physiology  has  demonstrated  long  since  that  ...  it  is  impossible  to 
keep  an  animal  alive  by  feeding  it  with  protein,  fat,  carbohydrates,  the  necessary 
salts  and  water  .  .  .  If  the  food  is  to  have  its  true  value  something  more  than 

these  must  be  present  .  .  .  What  has  been  published  by  other  investigators 

I  find  confirmed  in  my  own  experiments. 

“  When  white  mice  are  fed  on  bread  baked  with  casein,  albumin  rice-flour,  lard 
and  a  mixture  of  all  the  salts  which  ought  to  be  found  in  their  food,  while  they  are 
only  given  water  to  drink,  the  animals  starve  to  death.  During  the  first  few  days 
all  is  well.  The  bread  is  eagerly  nibbled  and  the  mice  look  healthy.  But  soon 
they  get  thinner,  their  appetite  diminishes  and  in  four  weeks  all  the  animals  are 
dead.  If,  however,  instead  of  water  they  are  given  milk  to  drink,  they  keep  in 
good  health,  though  the  quantity  of  albumin,  lactose  and  fat  which  they  assimilate 
with  the  milk  is  quite  negligible  in  comparison  with  what  the  bread  on  which  they 
are  fed  contains.  The  element  in  the  milk  which  keeps  the  animals  alive  also 
occurs  in  the  whey  from  which  casein  and  fat  have  been  eliminated.  Till  now 
my  efforts,  constantly  repeated  during  the  last  few  years,  to  separate  this  substance 
from  the  whey  and  get  to  know  more  about  it,  have  not  led  to  a  satisfactory  result, 
so  I  shall  not  say  any  more  about  them.  My  intention  is  only  to  point  out  that 
there  is  still  an  unknown  substance  in  milk,  which,  even  in  very  small  quantities, 
is  of  paramount  importance  to  nutrition.  If  this  substance  is  absent,  the  organism 
loses  the  power  properly  to  assimilate  the  well-known  principle  parts  of  food, 
the  appetite  is  lost  and  with  apparent  abundance  the  animals  die  of  want. 
Undoubtedly  this  substance  not  only  occurs  in  milk  but  in  all  sorts  ot  foodstuffs, 
both  of  vegetable  and  animal  origin.” 

In  1912  Sir  Frederick  Gowland  Hopkins  reopened  the  whole  question,  and 
investigated  again  the  effects  on  animals  of  a  synthetic  diet.  4ga*n  he  demonstrated 
the  importance  of  the  addition  of  milk,  and  in  addition  he  pointed  out  the 
importance  of  the  proteins  and  that  some  were  capable  of  maintaining  life  whilst 
others  were  inadequate  so  that  animals  failed  to  grow  when  fed  on  them.  Through 


this  work  he  systematized  previous  work  and  also  added  an  important  contribution 
to  our  knowledge  of  nutrition  by  his  discovery  of  the  essential  ammo  acids.  These 
have  been  extensively  studied  in  recent  years,  and  the  following  are  now  regarde t 


as  being  essential,  according  to  a  table  by  William  C  .  Rose  : 

Lysine  Isoleucine 

Tryptophane  Threonine 

Histidine  Methionine 

Phenylalanine  'V  aline 

Leucine  Arginine 

By  the  application  of  laboratory  methods  indicated  earlier  in  this  lecture,  it  has 
been  possible  for  the  chemist  to  concentrate  the  vitamin  activity,  to  crystallize 
and  to  identify  many  of  them,  and  in  certain  cases  to  effect  their  synthesis.  1  he 


following  very  brief  review  summarizes  the  position  of  our  knowledge. 

Vitamin  A  was  discovered  in  1912  by  McCollum,  Osborn  and  Mendel 
simultaneously,  when  they  demonstrated  that  certain  fish  livers,  such  as  cod, 
and  animal  fats,  such  as  butter,  contained  a  substance  which  is  necessary  for 
growth  in  the  young.  The  absence  of  this  substance  from  the  diet  results  in 
cessation  of  growth,  degeneration  of  condition,  xerophthalmia,  or  night  blindness, 
and  death  from  intercurrent  infections.  Mellanby  terms  vitamin  A  the  anti- 
infective  vitamin,  since  it  heightens  the  resistance  to  infectious  diseases.  There 
exist  rough  chemical  and  physiological  tests  for  the  presence  of  the  vitamin,  but 
it  is  now  accepted  that  carotene  is  the  precursor  of  vitamin  A,  being  converted 
into  the  vitamin  in  the  body,  and  thus  the  carotene  content  is  a  direct  guide  to 
the  amount  of  vitamin  A  present.  The  vitamin,  which  has  been  synthesized, 
has  the  following  formula  : 


ch3  chs 

\  /  CM 3  CH3 

c  ! 

/  \  i 

CH2  C  -  CH=CH  -  C=CH  —  CH=CH  —  C=CH  —  CH— CH —  CH..OH 

I  II 

CH,  C  —  CHS 

\  / 

CH, 


When  vitamin  A  requires  to  be  specially  administered  it  is  usually  given  in  the 
form  of  fish  liver  oils,  particularly  halibut  liver  oil.  In  the  ordinary  diet  the  best 
sources  are  butter,  egg  yolk,  carrots  and  various  other  vegetables.  It  seems  likely 
that  the  diet  of  the  poorer  classes  in  this  country  is  deficient  to  some  degree  in 
vitamin  A,  which  may  account  for  the  frequency  of  colds,  infectious  diseases  and 
septicaemia.  Many  apparently  healthy  people  suffer  from  varying  degrees  of 
night  blindness  without  being  aware  of  it. 

Vitamin  B  was  originally  believed  to  be  a  single  substance  essential  for  the 
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avoidance  of  various  conditions  of  which  beriberi  is  the  outstanding  example. 
Though  it  has  now  been  divided  into  five  or  six  separate  factors,  it  is  doubtful 
whether  all  of  these  are  necessary  to  the  human,  and  we  need  consider  here  only 
those  known  as  B.i  and  B.2. 

It  is  the  first  of  these  that  is  the  anti-beriberi  factor.  It  is  soluble  in  water  and 
was  erroneously  thought  by  Funk  to  be  an  amine.  Its  isolation  and  determination 
proved  to  be  difficult,  and  it  was  only  in  1935  that  Williams  suggested  the 
following  formula,  which  has  now  been  adopted  : 
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Vitamin  B.2  will  not  protect  against  neuritis,  but  is  the  anti-pellagra  vitamin. 
This  disease  is  very  prevalent  in  Italy,  Rumania  and  the  Southern  States  ot 
America,  and  can  be  completely  wiped  out  by  the  administration  of  the  vitamin. 
It  is  now  accepted  that  synthetic  lactoflavin  is  identical  with  the  naturally- 
occurring  vitamin  B.2  ;  the  formula  for  lactoflavin  is  given  below  : 


Oil— C— Ilo 

l 

II — C — Oil 
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rhe  chief  source  of  lactoflavin  is  whey,  meat,  eggs  and  other  foods,  of  which  it 
l"yenow  colouring  matter.  Vitamin  B.t 

;erm,  dried  brewer’s  yeast,  oatmeal,  meat  ^  “  contain 

orms  the  bulk  of  the  diet  of  the  poorer  classes  in  this  coun  v, 
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vitamin  B.«,  and  i,  is  recognised  that  widespread  deficiency  of  this  vitamin  exists, 

particularly  in  the  distressed  areas.  int0  prominence. 

In  recent  years  another  constituent  of  the  B  factor  .  R  Tt  was 

This  L  nicoJnic  acid,  which  is  believed  to  be  a  precursor  ot 

isolated  from  anti-neuritic  concentrates,  and  was  at  first  th  »  g  h  d  nQ 

vitamin  B.i.  Biological  investigation,  however,  showed  tha  w  ^ 

anti-neuritic  properties  it  could  successfully  supply  an  anti-pel  agr 
a  deficient  diet,  and  it  is  now  being  widely  used  in  the  treatment  of  this  disease 

Its  formula  is  shown  here  : 


COOl  I 


Vitamin  C,  the  antiscorbutic  vitamin,  is  found  in  meat,  and  in  the  juice  of  fresh 
fruit  and  vegetables.  Szent  Gyorgyi  in  1932  showed  that  hexuromc  acid  was 
identical  with  vitamin  C  and  suggested  the  name  of  ascorbic  acid,  which  is  now 
accepted  as  the  actual  vitamin.  Its  formula  is  as  follows  : 
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It  is  given  therapeutically  usually  in  the  form  of  fresh  orange  juice,  or  alternatively 
as  ascorbic  acid  tablets.  Though  scurvy  is  now  rare,  it  is  possible  that  sub-scurvy 
is  responsible  for  much  chronic  illness,  particularly  at  the  end  of  the  winter. 

The  anti-rachitic  vitamin  D  was  originally  thought  to  be  identical  with 
vitamin  A,  but  was  recognised  as  a  separate  substance  through  the  independent 
work  of  Mellanby  and  McCollum,  in  England  and  America  respectively.  The 
delay  in  its  establishment  was  due  to  the  long  struggle  between  those  who 
maintained  that  lack  of  sunlight  was  the  cause  of  rickets,  and  their  opponents 
who  held  that  it  was  due  to  lack  of  a  protective  factor.  Steenbock  was  able  to 
show  by  his  demonstration  that  a  mercury  vapour  lamp  could  confer  anti-rachitic 
powers  on  various  food  substances  that  both  schools  were  to  a  certain  extent  right. 
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The  formula  which  is  believed  to  be  identical  with  that  of  the  naturally-occurring 
vitamin  D  is  given  below.  It  is  that  of  a  substance  isolated  from  tunny  fish  oil 
which  is  known  as  vitamin  D.-$. 


ch3  cn. 
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The  richest  sources  of  vitamin  D  are  cod  and  halibut  liver  oil,  egg  yolk,  cream, 
milk  and  butter. 

The  last  vitamin  that  need  be  considered,  since  so  little  iS  known  as  yet  about 
the  remaining  ones,  is  vitamin  E,  or  the  anti-sterility  vitamin.  It  is  known  that 
animals  fed  on  a  diet  deficient  in  this  lose  their  reproductive  power,  the  females 
resorbing  the  foetus  after  a  certain  period,  and  the  males  suffering  from  atrophy 
of  the  testes.  The  administration  of  vitamin  E,  which  is  widely  distributed  in 
cereals  and  green  vegetables,  and  particularly  in  the  oil  of  the  wheat  germ,  will 
cure  this  tendency,  and  it  is  being  widely  used  in  human  subjects  who  suffer  from 
sterility.  It  is  a  fat-soluble  vitamin,  w'ith  the  following  formula  : 


In  this  last  lecture  we  have  attempted  to  review  the  bearings  on  organic 
chemistry  or  nutritional  problems,  and  it  has  been  shown  that  the  chemist  can 
play  an  important  part  in  the  maintenance  of  health  through  proper  food.  The 
synthetic  production  of  food  substances  such  as  proteins,  fats  and  carbohydrates 
is  not  of  course  possible.  Various  attempts  have  been  made,  particularly  on  the 
Continent,  to  synthesize  proteins  by  biochemical  methods.  These  have  been 
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partially  successful,  and  proteins  at  least  theoretically  capable  of  maintaining  life 
have  been  produced  by  the  growth  of  moulds  on  synthetic  media  ;  the  development 
as  yet  is  still  in  its  infancy.  The  production  of  carbohydrates  by  synthetic  methods 
is  not  an  economic  proposition,  and  attempts  at  photo-synthesis  from  formaldehyde 
have  never  been  successfully  carried  out  on  anything  approaching  a  commercial 
scale. 

The  synthetic  production  of  fats,  the  food  constituent  of  which  there  is  always 
the  greatest  shortage  in  times  of  scarcity,  is  the  most  difficult  of  all.  The 
biological  synthesis  of  fat  occurs  in  the  bodies  of  animals  grazing  on  pasture  land, 
when  the  carbohydrate  of  the  grass  is  converted  into  fat.  The  use  of  modern 
methods  of  hydrogenation  has  provided  a  new  source  of  fats  in  the  form  of 
vegetable  oils,  and  the  production  of  margarine  from  palm  and  coconut  oils  has 
given  an  extra  supply  of  fats  from  sources  formerly  inedible  as  human  food. 

Chemistry’s  greatest  contribution  to  the  nutritional  problem,  however,  is  the 
production  by  large-scale  synthesis  of  certain  of  the  vitamins.  A  diet  which  would 
normally  be  incapable  of  maintaining  life  can  be  rendered  quite  adequate  by  the 
addition  of  synthetic  vitamin  B.i  or  C.  There  can  be  little  doubt  that  this 
development  will  be  greatly  extended  in  the  future,  and  that  naturally  occurring 
basic  foodstuffs  which  are  at  present  lacking  in  these  vitamins  will  be  reinforced. 
It  is  hardly  necessary  to  stress  the  bearing  of  this  on  the  food  problem  in  times 
of  emergency. 
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